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ABSTRACT

Surgical options for the treatment of adolescent obesity have been gaining

popularity. Adolescent patients present a particular challenge to clinicians,

secondary to age-related issues, revolving around both mental and physical

growth. These age-related issues require a unique approach to nutritional

intervention for adolescents undergoing bariatric surgery as opposed to

standardized approaches for adults. Despite the increasing numbers of

adolescents undergoing obesity surgery, evidence-based nutritional guide-

lines have yet to be published. The goal of this document is to provide the

clinician with recommendations on how to assess, educate, nourish, and

monitor the adolescent who has undergone obesity surgery. A multidisci-

plinary panel composed of 3 pediatric gastroenterologists, 1 psychologist,

and 3 registered dietitians from the Nutrition Committee for the North

American Society of Pediatric Gastroenterology, Hepatology, and Nutrition

and National Association of Children’s Hospitals and Related Institutions,

with experience in nutrition and adolescent weight loss surgery, reviewed

the medical literature for evidence-based practice for nutritional strategies

for patients undergoing bariatric surgery. In addition to this group, an

adolescent medicine physician was consulted for matters related to repro-

ductive health. The present article presents a consensus of recommendations

based on a review of the literature. In areas for which there was a lack of

evidence to support the recommendations, best-practice guidelines were

used. The present article provides the clinician with an overview of the

nutritional concerns for adolescent patients undergoing obesity surgery.

These guidelines address the preoperative educational pathway, the post-

operative diet progression, recognition of disordered eating, guidelines for

female reproductive issues, and assistance for the adolescent in a school/

college environment.
Key Words: adolescent obesity, bariatric surgery, nutrition education,

nutritional assessment, nutritional deficiency, nutritional guidelines,

nutritional needs
O besity seen during adolescence is a multifactorial process

with several contributing factors, including metabolic dys-

regulation, genes, environmental/socioeconomic stressors, and

energy imbalance (1). Patients with obesity carry an increased

morbidity and are at risk for obstructive sleep apnea, metabolic

syndrome, orthopedic issues, hypertension, type 2 diabetes, and

nonalcoholic steatohepatitis (1,2). These comorbid conditions

affect an adolescent’s quality of life and daily functioning (3).

The obesity rates of children ages 2 to 19 are now 17.6%, with

obesity being classified as a body mass index (BMI) above the 95th

percentile (4). Obese adolescents have a 50% to 77% risk of

becoming obese adults with an increase to approximately 80%

given 1 obese parent (1,5). In view of this, surgical treatments for

pediatric obesity have increased in popularity.
Although many weight management centers perform weight

loss surgery (WLS) for the treatment of adolescent obesity, no
standard for nutritional management exists for these patients. The
present article describes recommendations from a multidisciplinary
panel with a background in adolescent nutrition and WLS. The
North American Society of Pediatric Gastroenterology, Hepatol-
ogy, and Nutrition and National Association of Children’s Hospitals
and Related Institutions (NASPGHAN-NACHRI) Bariatric Nutri-
tion Subcommittee included 3 pediatric gastroenterologists, 3
registered dietitians (RDs), and 1 psychologist with expertise in
bariatric nutrition. The content of the article was initially outlined
by the panel. Articles written in English were identified using
PubMed and MEDLINE searches. No exclusions were made based
on publication date. All of the human studies related to bariatric
surgery and nutrition were reviewed. Additional articles identified
by subcommittee members were also reviewed. A total of 417
articles related to bariatric surgery and nutrition were reviewed
including case series and reports. Using the best available evidence
from the literature, content was then evaluated and discussed. The
subcommittee conferenced on 8 separate occasions; it based its
recommendations on its study of the literature review combined
with expert opinion and evidence available in the adult literature
when pediatric evidence was insufficient. The present article is
intended to be a guide for the clinicians involved in the nutritional
care of obese adolescents undergoing bariatric surgery.

Nutritional recommendations for the treatment of the ado-
lescent undergoing WLS can be classified into 4 areas: nutritional
assessment, education, nutritional needs, and monitoring of nutri-
tional status. The role of the RD is considered an integral com-
ponent of a multidisciplinary WLS team. It is recommended that an
RD with a certificate in pediatric weight management and/or
duction of this article is prohibited.

inically evaluate, educate, and monitor the
e adolescent undergoing WLS.
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PREOPERATIVE NUTRITIONAL ASSESSMENT
Before any WLS procedure, all adolescents should undergo

an appropriate nutritional evaluation, including selective micronu-
trient measurements to identify nutritional and educational needs.
Nutrition and meal planning guidance should be provided to the
patient and family before WLS and during the postoperative
hospital course and reinforced during future outpatient visits. In
comparison with purely restrictive procedures, more extensive
preoperative nutritional evaluations are required for malabsorptive
procedures. A clinical session should be arranged with an RD who is
a member of the WLS team. Before surgery some candidates may
already have micronutrient deficits due to nutrient-poor food
choices, lack of dairy, and low fruit and vegetable and/or whole
grain intake. Listed in Table 1 are the recommended laboratory
parameters to be considered as part of the nutritional evaluation. If
preexisting nutritional deficiencies are identified in the initial
assessment, then a dietary intervention to correct these deficiencies
should be advised to the adolescent. For all adolescents, a pre-
operative multivitamin regimen should be put into place because of
the high prevalence of micronutrient deficiencies in morbidly obese
patients and to correct possible preexisting micronutrient
deficiencies.

A food frequency/eating behavior questionnaire completed
by the adolescent may provide additional nutritional information. A
healthy balanced diet consisting of adequate protein, fruits, veg-
etables, and whole grains is advised during the preoperative period
to assist in weight stability or weight loss. In addition, behavioral
strategies for portion control are encouraged such as eating from
small plates and using small utensils. Calorie needs based on height,
ideal body weight, and age should be determined. Estimated energy,
protein, and fluid intake as well as meal frequency patterns should
be reviewed. Assessment of mindful eating habits may be of value
in examining the underlying understanding, attitudes, and circum-
stances that lead to healthy eating patterns necessary for successful
food choices.

A variety of factors influence food accessibility and food
choices that ultimately influence outcome after WLS. Review of the
family, family support, and home environment should be con-
sidered to be part of the initial assessment. The ‘‘family’’ for
the adolescent requires definition because this may not be at the
permanent address, but rather focus on the locations where signifi-
cant time is spent routinely and where food/meals are available for
consumption. All caregivers within the ‘‘family’’ network should
be invited to attend any nutrition education sessions and participate
in development of a sound home environment. The family should

Fullmer et al
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provide an environment that is nutritionally supportive of weight
loss. This is defined as limited energy-dense and nutrient-poor

TABLE 1. Considerations for nutritional screening

Nutrient deficiency Prevalence in adults

Thiamin (B1) 15%–29% (more often in African
Americans/Hispanics)

Cobalamin (B12) 10%–13%

Iron 9%–16% of women (risk factors girl,
anemic/heavy menses, low dietary intak

Vitamin D 60%–70% (risk factors sedentary,
indoors, darker skin)

Folate 20% (risk factors high-fat diets)
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foods replaced by nutrient-dense foods. In the family in which there
are members who are of varying body sizes (ie, healthy weight
parent[s] or sibling[s]), the family should be encouraged to provide
healthy foods for the entire family. In addition, there is evidence
that supports limited eating out and family meals in the adolescent’s
household to support weight management (6,7). Because of the
greater independence of youths during the adolescent period,
education regarding change in health behaviors should be directed
to the adolescent. Consideration also needs to be given to striving to
make change within the entire family because the parents or
caregivers are often the individuals making the food purchasing
decisions and supporting the adolescent undergoing bariatric
surgery. The nutrition interview should include questions to ascer-
tain the level of familial support. If families are having difficulty in
providing a supportive environment for the adolescent, then a
psychology consult should be considered. Family culture affects
food preferences and availability. Culture may also change the
interaction between the family and the traditional foods that are in
the household. It is important to integrate dietary recommendations
within a culturally sensitive framework because this may improve
adherence (8–10).

It is important to note differing parenting styles in working
with families of adolescents undergoing bariatric surgery. Type of
parenting style may affect adolescent functioning and likely plays a
role in how families approach nutritional counseling around bar-
iatric surgery. Baumrind (11) developed 4 models of parenting:
authoritarian, authoritative, permissive, and disengaged. Author-
itarian style is demonstrated via strict rule setting and abidance.
These adolescents may be best motivated by a rule-setting
approach. The authoritative style leads to parents being warm
and involved, yet consistent and firm in limit setting. Permissive
parents are those that are accepting and impose few rules and
restrictions, so these adolescents may have difficulty around rule
setting and may test the guidelines established by the clinician.
Disengaged parents often present as disinterested and may not
provide the support to help the adolescent with adherence. For
those adolescents, reliance on the family to make change may be
difficult; change may need to lie with the adolescent. Each one of
these parenting styles may result in a specific set of behaviors
demonstrated by the adolescents. Acknowledgment of these par-
enting styles may assist in optimizing educational outcomes.

NUTRITION EDUCATION
The preoperative pathway should be standardized to ensure

that all adolescents receive the same information. Because of

JPGN � Volume 54, Number 1, January 2012
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differing learning styles, information may need to be presented
in a variety of different teaching methods. The initial visit with the

Screening laboratories

Blood thiamin level, erythrocyte thiamin transketolase,
or transketolase urinary thiamin excretion

Serum homocysteine level, urine/serum methylmalonic
acid level, and/or serum vitamin B12 level

e)
Serum iron, serum ferritin, total iron-binding capacity

25-Hydroxy vitamin D level

Serum homocysteine level and/or serum folate or red
blood cell folate level

www.jpgn.org
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TABLE 2. Recommended nutritional assessment and edu-
cational components in preparation for WLS

Initial nutrition assessment
Nutrition educational session regarding food quality choices

(possibly in group session)
Nutrition education regarding food quantity choices for

preoperative energy needs (possibly in group session)
Nutrition education regarding liquid meal plans
Review of accuracy of liquid meal plans and, if adequate, then
nutrition education regarding smooth food meal plans
Review of smooth food meal plans and, if adequate, review of

questions/concerns regarding post op meal plans

Nutritional Strategy for Adolescents Undergoing Bariatric Surgery
RD should include the previously mentioned assessment of nutri-
tional status and current intake. Education regarding basics of WLS
postoperative nutrition principles should be included in this initial
visit as well. It is recommended that the clinician establish nutri-
tional goals together with the adolescent. These goals should be
shaped around the principles that are similar to the postsurgical
nutrition plan, such as elimination of sugared beverages, consuming
3 or 6 meals per day (depending on the procedure), and taking
vitamins as directed.

Adolescents may present varied exposure to ‘‘dieting.’’ It
should not be assumed that they are familiar with or knowledgeable
about what constitutes a healthy lifestyle. The RD should consider
standardized preoperative teaching regarding healthy eating to
include appropriate serving sizes and food quality according to
the dietary guidelines. During the preoperative phase, it is suggested
that the adolescents be encouraged to maintain some method of self-
monitoring such as food records, recording healthy foods that they
are eating because self-monitoring has been documented to assist in
weight maintenance (12). These food records can also be used as a
way to educate the adolescent on how to quantify the protein in their
current diet to provide familiarity with this concept in preparation of
the postoperative meal planning process. A minimum of 6 pre-
operative nutrition visits are recommended to complete the nutri-
tional assessment and educational components in preparation for
WLS (Table 2).

It is recommended that educational information be provided
in verbal and written fashion. The RD may want to consider taste
testing or exposure to protein supplements to assist the adolescent in
determining acceptability before WLS. Education regarding the soft
and regular meal plans may be completed at the postoperative visits
as completing this education preoperatively can be difficult for the
adolescent to retain. Completion of the liquid and smooth food meal
plans preoperatively assists the adolescent in becoming familiar
with meal planning.

Because of differing learning styles and family support in the
adolescent population, the designated visit number may require
some flexibility. The clinician may need to adapt the teaching style
to the adolescent before or during the nutrition education process. A
consistent framework for education as well as small, agreed-upon
goals may assist in the increase of retained information in
these adolescents.

DIET PROGRESSION
The diet advancement protocols for Roux-en-Y gastric

bypass (RYGB), vertical sleeve gastrectomy (VG), and laparo-
scopic adjustable gastric banding (LAGB) will vary by the number

JPGN � Volume 54, Number 1, January 2012
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of meals per day, the consistency, texture, and progression of the
amount of food consumed at a meal (13) (Tables 3–5).

TABLE 3. Diet advancement protocols for Roux-en-Y gastric byp
gastric banding

Stage 1: ice chips,
water, sugar-free
clear liquids

Stage 2:
full liquids,
high protein

Roux-en Y 1 oz/h for the first 24–48 h,
then for 3–7 days ad lib

Wk 2–4

Gastric band 1 oz/h for the first 24–48 h First 2 wk after
surgery

Sleeve gastrectomy 1 oz/h for the first 24–48 h,
then for 3–7 days ad lib

Wk 1–5

www.jpgn.org
The postoperative diet focuses on weight loss with preser-
vation of lean body mass by recommending a diet high in protein
(1.0–1.5 g protein/kg ideal body weight), low in simple carbo-
hydrates, free of added simple sugars, and with modest fat intake.

MACRONUTRIENT NEEDS

Hydration
Daily recommended intake (DRI) for girls ages 14 to 18 years

is 2.3 L of water per day, increasing to 2.7 L/day when older
than 18 years. Boys have a higher fluid requirement with 14- to
18-year-old boys requiring 3.3 L/day; boys older than 18 years have
a DRI of 3.7 L/day (14). After bariatric surgery, patients are at risk
for dehydration usually because of inadequate intake, vomiting, or
diarrhea. Given the nature of restrictive forms of WLS, many
patients are not able to take in large volumes of water at 1 point
in time and must consume their water in small volumes frequently
throughout the day. Fluid requirements can vary for each patient
and should be guided by thirst; however, a minimum of 48 to 64 oz
of total fluids per day has been recommended in adult bariatric
surgery patients (15,16). These liquids may equal 24 to 32 oz of
clear liquids plus 24 to 32 ounces of full liquids such as nonfat milk,
Lactaid or soymilk, or light yogurt (15). All of the liquids should be
decaffeinated and sugar-free with low sorbitol content.

To maintain hydration, strategies for addressing vomiting in
a patient postsurgery include adherence to serving size guidelines
and chewing food extremely carefully before swallowing; ensuring
that adolescents avoid liquid intake 30 minutes before and after

WLS¼weight loss surgery.
authorized reproduction of this article is prohibited.

meals may also aid in reducing vomiting. Diarrhea associated with
dumping syndrome may contribute to dehydration in patients

ass, vertical sleeve gastrectomy, and laparoscopic adjustable

Stage 3: smooth
consistency foods
and liquids

Stage 4:
soft foods

Stage 5: all
textures—healthy
foods

Wk 4–6 Wk 7–9 Begins at wk 9 and
for life

Wk 3–4 Wk 5–6 Wk 7 and for life

Wk 5–8 9–12 wk postop At wk 13 and for
life
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TABLE 4. Postoperative diet by stages

Goals per day

Stage 1: sugar-free clear liquids 4–6 oz of water or sugar-free clear liquids per hour (48–64 oz/day)
Acceptable sugar-free clear liquids include water, clear broth or bouillon, sugar-free gelatin,

sugar-free fruit-flavored drinks, fruit ice made with sugar-free fruit-flavored drink,
sugar-free popsicles

Sugar-free clear restrictions: no carbonated beverages, no caffeine, no red dye
Stage 2: high-protein full liquids Calories: 500–600 kcal

Protein: 50–60 g
Fluid: 80–90 oz or based on estimated requirements
New foods introduced: skim or 1% milk, low-fat soy or Lactaid milk, high-protein drinks,

light yogurt (plain or vanilla) thinned out with milk
Meal pattern: 3–6 meals per day

Volume: 1/2 cup per meal for solid foods
Stage 3: smooth consistency

high-protein foods
Calories: 500–700 kcal
Protein: 60 g
Fluid: 80–90 oz (or based on estimated requirements)
New foods introduced: scrambled eggs, blenderized/minced turkey, chicken, flaked fish

or mashed tofu, tuna, melted low-fat cheese low-fat cottage cheese (small curd only),
low-fat ricotta cheese

Consistency of food: smooth
Try new foods 1 at a time (1/4 cup) every 2–3 d
Meal pattern: 3–4 meals per day

Volume: 1/2 cup per meal for solid foods or 5–6 oz per meal of protein drink
Stage 4: soft foods—other protein

foods, fruit, vegetables, and grains
Calories: 700–800 kcal

Protein: 60
Fluid: 80–90 oz (or based on estimated requirements)
New foods introduced: protein foods: shaved delicatessen meats, low-fat cheese,

lean pork, cooked beans
Fruit: soft or canned in own juice, no skin
Vegetables: soft cooked or canned
Grains: toast, low-sugar cereal, crackers, oat meal, rice, pasta, mashed potatoes

(choose mainly whole-grain products, foods)
Meal pattern: 3–6 meals per day

Volume: 1/2–1 cup per meal solid foods or 1 cup (8 oz) protein drink
Stage 5: healthy foods for life Calories 800–900 kcal

Protein: 60 g
Fluids: 80–90 oz (or based on estimated requirements)
New foods introduced: all healthy food choices
Meal pattern: 3–6 meals per day

Volume: Up to 3/4 to 11/2 cup per meal

After filling/adjustments for laparoscopic adjustable gastric banding, usually done 6 weeks after surgery and then every 6 weeks until satiety is reached, a full
oft

Fullmer et al JPGN � Volume 54, Number 1, January 2012
undergoing gastric bypass. These adolescents should be instructed
to avoid table sugar, candy, honey, jelly, and other concentrated
forms of sugar, which may increase osmolarity of contents entering
the small intestine with subsequent diarrhea.

Protein

Although true protein requirements postbariatric surgery are
unclear, DRI for the public state that girls older than 13 years have a
DRI of 46 g of protein per day. Boys ages 14 to 18 years have a DRI

liquid diet for 1 to 2 days is recommended after fill with advancement to s
pyright 2012 by ESPGHAN and NASPGHAN. Un

of 52 g/day, increasing to 56 g/day for boys older than 18 years (14).
Given the nature of WLS, which aims to restrict exogenous energy
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intake, it is not surprising that protein deficiency is seen in as much
as 13% of patients after RYGB but is less likely in patients with a
Roux limb <150 cm in length (17,18). Protein malnutrition is the
most severe macronutrient deficiency seen after pancreaticobiliary
diversion (15).

Present studies indicate that patients lose fat mass in relation
to fat-free mass at a ratio of 4:1 with restrictive surgeries such as
banding or RYGB (19,20). Because the goal of bariatric surgery is
to preferentially decrease fat mass, adequate protein intake is
imperative to prevent the loss of lean body mass. In adults under-
going bariatric surgery, the recommendation is an intake of at least

solids for 4 to 5 days thereafter as tolerated (1).
authorized reproduction of this article is prohibited.

60 to 90 g of protein per day for RYGB and 80 to 120 g/day for
patients with a biliopancreatic diversion (15,21,22). Because many

www.jpgn.org
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TABLE 5. Dietary tips for adolescents undergoing weight loss
surgery

Avoid high-sugar foods and/or fat content to prevent ‘‘dumping
syndrome.’’ Symptoms may include cramping, clammy
feeling, sweating, heart racing, vomiting, and/or diarrhea.
Late dumping may occur up to 2 h after eating foods high in
sugar or fat.

Meals should be eaten in approximately 20 min.
Adolescents should be encouraged to stop drinking 30 min before

a meal and not to drink until 30 min after a meal. Eating and
drinking at the same time may decrease satiety and/or increase
incidence of vomiting.

Encourage the patient to eat slowly, taking small bites.
Make sure food is cut into small pieces. Chew food well until
it has a pureed consistency.

Do not eat or drink past the first feeling of fullness. When
feeling

full, stop eating and put food away or discard what is left.
To prevent dehydration, it is important to encourage the patient

to continually sip fluids throughout the day, preferably water.
Consider limiting caffeinated products.
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patients have a difficult time maintaining adequate protein intake,
they use protein supplements that are high in protein and low in
calories and sugar to reach protein intake guidelines. Protein intake
should be quantified periodically by the medical team to ensure
adequate education and implementation of the prescribed diet.
Parenteral supplementation should be considered in patients with
severe protein malnutrition that is not responsive to oral protein
supplements (15). Given the current practices in the pediatric
population, 60 to 90 g of protein per day is recommended in
adolescents undergoing RYGB, lap band, and gastric sleeve pro-
cedures.

Energy Needs

Total energy expenditure should be calculated based on the
clinical center’s preestablished route of ascertaining energy expen-
diture to elicit weight loss. This value should be reassessed with
significant changes in weight or when expected weight loss is not
evident. Recent use of Bod Pod, an air displacement plethysmo-
graph, that uses whole-body densitometry to determine body com-
position (fat and fat-free mass), may be a useful tool in both adults
and children in determining total energy expenditure.

MICRONUTRIENT NEEDS
Vitamin and mineral deficiencies are not uncommon in

Westernized diets. The 2 most common deficiencies noted are iron
and vitamin D. Because obesity itself is a malnourished state, there
is increased risk of these as well as other vitamin and mineral
deficiencies. This risk of micronutrient deficiency can be com-
pounded by bariatric surgery. It is important to address these
potential deficiencies before any bariatric procedure. Minimal
preoperative laboratory studies should include evaluation of the
more common deficiencies found including vitamin D and calcium;
complete blood cell count with iron, transferrin, and ferritin, red
blood cell folate (homocysteine level recommended in some centers

Do not lie down within 1 h after meals.
pyright 2012 by ESPGHAN and NASPGHAN. Un

for folate monitoring), vitamins B1, B6, B12, and 25-hydroxy
vitamin D level should be obtained. Supplementation with a

www.jpgn.org
complete multivitamin should occur in all candidates undergoing
bariatric procedure. For those adolescents noted to have a specific
micronutrient deficiency, correction of the deficient state should
occur before the bariatric procedure.

Vitamin and mineral supplementation is important after
bariatric surgery to avoid sequelae from nutrient deficiencies.
Attention to the type of supplementation is important as studies
report differences in vitamin and mineral content. In the case of
iron, over-the-counter supplements can range from 0% to 230% of
the labeled iron content; generic brands (36%) had less than
commercially labeled amounts (81%). Specially formulated
vitamin supplements contained 183% and 230% of reported iron
amount (23).

Vitamin B1 (Thiamin)

Thiamin is a coenzyme in the oxidation of a-keto acids and
2-keto sugars, which function in pyruvate metabolism and synthesis
of acetylcholine. Thiamin deficiency leads to accumulation of
lactate and alanine, and reduced high-energy phosphate synthesis
(24). There are minimal stores present in the body; total body
thiamin deficiency can occur within 18 days following dietary
restriction (25). Thiamin is actively absorbed in the jejunum and
ileum but can be taken up via passive diffusion at higher concen-
trations (26).

Moderate-to-severe thiamin deficiency has been previously
found in 10% to 20% of obese women (27). High-carbohydrate diets
have been associated with thiamin deficiency (28). After WLS,
thiamin deficiency appears most likely to occur in patients who
experience persistent vomiting and/or excessive weight loss after
surgery (29). Among adults, after gastroplasty and gastric bypass,
thiamin levels are below normal in 50% of patients, often accom-
panied by symptoms of thiamin deficiency (30). The incidence of
acute postgastric reduction surgery neuropathy has been estimated
at 5.9/10,000 adult WLS cases; common symptoms include weak-
ness, hyporeflexia, and vomiting (31). In adolescents, thiamin
deficiency has been reported in girls after gastric bypass surgery
presenting 4 to 6 months after bypass with increasing lower
extremity weakness, pain in the lower extremities in stocking
distribution, nystagmus, and hearing loss (32).

Current published DRI for thiamin is 1.2 mg/day for boys
ages 14 to 18 years and 1.0 mg/day for girls ages 14 to 18 years
(33,34). Adolescents who have undergone bariatric surgery should
be receiving a minimum of 50 mg of thiamin per day, which can be
supplied by including an additional B complex in the vitamin
regimen. For patients with significant protracted emesis, addition
of thiamin to parenteral nutrition during the postoperative period is
recommended (29).

Vitamin B6 (Pyridoxine)

The DRI for vitamin B6 is 1.2 mg/day for girls ages 14 to
18 years and 1.3 mg/day for boys ages 14 to 18 years (33,34). In adults
after gastroplasty, intake of vitamin B6 at current adult girl DRI
(1.6 mg) is inadequate to maintain coenzyme saturation of erythro-
cyte aminotransferases (35). It is recommended that individuals
undergoing WLS take a multivitamin that includes vitamin B6.

Vitamin B9 (Folic Acid)

Folic acid is found in fortified breakfast cereals, leafy green
vegetables, and liver and kidney. It requires hydrolysis to allow

utritional Strategy for Adolescents Undergoing Bariatric Surgery
authorized reproduction of this article is prohibited.

jejunal absorption and serves as a cofactor in the single carbon atom
transfer needed for amino acid metabolism, purine/pyrimidine
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syntheses, and generation of S-adenosylmethionine. Deficiency in
folic acid consequently results in elevation of serum homocysteine
levels. Low levels of folic acid found in 7% of obese women have
been attributed to the consumption of a high-carbohydrate diet (36).
One year after WLS in adults, increased homocysteine levels were
found in 32% to 66% of patients attributed to decreased folic acid
(37).

Among teens, the DRI for folic acid for both boys and girls is
400 mg daily (33,34). Recommended supplementation after baria-
tric gastric bypass or biliopancreatic diversion based on adult
experience is between 400 mg and 1 mg daily (38). Because folic
acid is absorbed throughout the small intestine, a multivitamin
containing folic acid should suffice for restrictive procedures such
as LAGB.

Vitamin B12 (Cobalamin)

Cobalamin found in fish, milk, eggs, meat, and poultry serves
as a substrate for cofactors of enzymes including methionine
synthase, glutamate mutase, dioldehydratase, and methyl malonyl
coenzyme A mutase. It is cleaved by gastric acid and released from
salivary R-protein by proteases. It then binds to intrinsic factor and
goes to the ileum where it is released, and migrates from the brush
border to transcobalamin proteins.

Vitamin B12 deficiency develops in restrictive and malab-
sorptive operations but rarely arises after gastroplasty or banding
unless there is decreased intake. Two-thirds of gastric bypass
patients in 1 series had low vitamin B12 levels (39) attributed to
the lack of acid production in the pouch (40).

The DRI for cobalamin is 2.4 mg/day for boys and girls ages
14 to 18 years (33,34). For individuals undergoing malabsorptive/
restrictive procedures, supplementations using the 500-mg sublin-
gual form or monthly injections are recommended. Recommended
treatment for vitamin B12 deficiency in adult bariatric patients is
recommended as oral (350 mg daily), 1000 mg im q-2 to q-3 months
or 500 mg/week nasal spray.

Vitamin A

Fat-soluble vitamin deficiencies have been reported after
bariatric surgery, more commonly after biliopancreatic diversion,
which alters fat mixing with pancreatic enzymes and bile salts more
than with gastric bypass. In an adult series, vitamin A deficiency has
been reported in 10% of patients after bypass surgery manifested as
night blindness (39). The DRI for vitamin A is 900 mg/day for boys
ages 14 to 18 years and 700 mg/day for girls ages 14 to 18 years.
Supplementation with vitamin A at the current DRI is recom-
mended for adolescents postbariatric surgery. This amount is
usually found in a daily multivitamin. For individuals undergoing
more extensive malabsorptive procedures such as duodenal switch
or long-limb gastric bypass, additional supplementation may
be required.

Vitamin D/Calcium

Vitamin D is a prohormone that is essential for the normal
absorption of calcium in the gastrointestinal tract. Deficiency in
vitamin D leads to hypocalcemia, hypophosphatemia with resultant
nutritional rickets in children, and osteomalacia in adults. In adults,
vitamin D deficiency has also been linked to cardiovascular disease,
insulin resistance, and hypertension. In addition to a number of
large case studies, the National Health and Nutrition Examination

Fullmer et al
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Survey (NHANES III) has emphasized the high prevalence of
vitamin D deficiency in industrialized nations with up to 14% in
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the United States (41,42). The resurgence of vitamin D deficiency is
likely caused by a number of dietary and environmental factors,
including BMI, milk ingestion, and sun exposure (43).

Calcium can be absorbed by all segments of the small
intestines, although the duodenum and jejunum are most active.
Vitamin D is absorbed principally in the jejunum. Data on vitamin
D status after bariatric surgery have shown mixed results (29). It
does appear that vitamin D deficiency is more common in malab-
sorptive/restrictive procedures than in restrictive procedures alone.
Given the predisposing factor of obesity in developing vitamin D
deficiency, it is believed by most adult bariatric centers that patients
undergoing bariatric surgery are at risk for developing bone mineral
density and metabolism issues after procedure (29,44). Although
there are no current national guidelines for adults undergoing
bariatric surgery in regard to calcium and vitamin D supplement-
ation, many bariatric centers provide supplements (38).

The DRI for vitamin D and calcium is 400 IU/day and
1300 mg/day, respectively, for boys and girls ages 14 to 18 years
(33,34). Bariatric programs that performed bariatric surgery on
adolescent patients were surveyed; most prescribed calcium with
vitamin D in the form of calcium citrate or calcium carbonate with
vitamin D. The minimum recommended dose of calcium is
1300 mg/day; the minimum vitamin D intake should be 600 IU
(45). Some pediatric programs prescribe up to 2000 IU/day. If
vitamin D deficiency is detected, supplementation of 1000 to
5000 IU may want to be considered for correction of deficiency
(46).

Iron

Although the prevalence of iron deficiency among 1-year-old
infants in the United States has declined because of improved iron
supplementation during the first year of life (47,48), the rate of iron
deficiency in older children and adolescents has remained relatively
unchanged during the last 4 years (49). Adolescent girls who are
obese have a higher risk of developing iron deficiency then their
nonobese counterparts (50). The DRI for iron in boys 14 to 18 years
is 11 mg daily and 15 mg daily for girls 14 to 18 years (33,34).

Iron deficiency has been reported in 15% to 50% of adults
after gastric bypass, with similar numbers with biliopancreatic
diversion secondary to the decreased absorption from achlorhydria
or because of the use of acid suppression therapy coupled with
decreased intake/tolerance of iron-rich food (51,52). Iron deficiency
rarely occurs after gastroplasty or gastric banding, but mild iron
deficiency has been reported in long-term series secondary to meat
intolerance (53). To prevent iron deficiency in gastric bypass or
biliopancreatic diversion, treatment with ferrous sulfate 300 mg
daily with vitamin C has been advocated by (51). A multivitamin
containing iron should suffice for adolescents undergoing restric-
tive bariatric procedures if they develop mild meat intolerance.
With individuals undergoing restrictive procedures who are ingest-
ing a diet including a good source of iron, which include liver, beef,
whole-grain breads, cereals, eggs, and dried fruit, supplementation
may not be required. It is important to remember that vitamin C can
increase iron absorption by 50% (54).

Zinc and Magnesium

The DRI for zinc is 11 mg daily for boys and 9 mg daily for
girls ages 14 to 18 years (33,34). There are minimal reports of zinc
deficiency after bariatric surgery aside from alopecia noted after
gastric bypass surgery among adults that reversed after zinc supple-
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mentation and zinc deficiency noted among bypass patients with
severe protein energy malnutrition. Because zinc absorption is
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dependent upon fat absorption, patients undergoing biliopancreatic
diversion or duodenal switch are at risk for zinc deficiency (55).
Zinc deficiency is unlikely to occur in restrictive procedures alone.

Low levels of magnesium in 5% of patients have been
documented after BPD, but no significant clinical complications
are reported in the literature (56). Although it should be noted that
hypomagnesemia can be a cause of recalcitrant hypocalcemia.
Recently, the Food and Drug Administration announced a drug
safety communication regarding the long-term use of proton pump
inhibitors and the development of hypomagnesemia (57). This
should be taken into consideration when evaluating bariatric
patients, given the high use of acid-blocking medication in this
patient population. Zinc and magnesium supplementation are
recommended as needed based on clinical suspicion and serum
levels.

Copper

The DRI for copper is 890 mg daily for boys and girls
between 14 and 18 years. Copper deficiency has been reported
after gastric bypass (58). Among a recent series of patients with
development of posterior myelopathy after gastric bypass, 5 of 8
patients were copper deficient (59). In 1 case series it was noted that
25% of subjects with copper deficiency presenting clinically as
anemia and neutropenia had undergone bariatric surgery (60). The
clinician may want to consider a review of the multivitamin
preparation that the adolescent is taking to ensure that it does
contain copper, especially if iron deficiency is not easily corrected
as this may be caused by copper deficiency (61).

Omega-3 Fatty Acids

There is evidence to support the role of ensuring adequacy of
omega-3 fatty acid intake in adults with cardiovascular disease in
particular. The current recommendation of the American Heart
Association is a minimum of 8 oz of fatty fish per week for adults.
Of note are concerns regarding mercury contamination of fish
and/or supplements, but it is believed that the benefits outweigh
the potential risks (62). Because of the restrictive nature of most
obesity surgery procedures, the quantity of consumption of fatty
fish may already be limited in the adolescent undergoing WLS. The
clinician may want to consider a careful analysis of the intake of
the adolescent to determine adequacy of omega-3 in the diet and
educate regarding high omega-3 food choices or supplement to
promote nutritional adequacy.

Other Micronutrients

Although other micronutrient deficiencies can occur especi-

JPGN � Volume 54, Number 1, January 2012
pyright 2012 by ESPGHAN and NASPGHAN. Un

ally in restrictive/malabsorptive procedures, they are not as well
defined as the aforementioned nutrient deficiencies. Supplementation

TABLE 6. Fifth percentile cutoffs for measure of iron deficiency in

Population Hgb, g/dL HCT, %

12–15-yr-old girl <11.8 <35.7
12–15-yr-old boy <12.5 <37.3
>15-year-old girl <12 <35.7
>15-year-old boy <13.3 <39.7

Data from the Centers for Disease Control and Prevention. HCT¼ hematocrit
binding capacity.
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with a complete multivitamin daily should suffice for these other
micronutrients.

NUTRITIONAL MONITORING
This risk of developing micronutrient deficiency increases

with bariatric surgery. It is important to address these nutritional
deficiencies in a timely manner. Additionally, clinicians should
consider the long-term nutritional monitoring needs and therefore
develop a transitional plan to an adult bariatric care center to
provide for long-term monitoring for nutritional deficiencies. Mini-
mal postoperative laboratory studies should include a core set of
nutritional laboratories: a complete blood cell count, iron, ferritin,
thiamin, vitamin B12, methylmalonic acid, 25-hydroxy vitamin D,
albumin, calcium, magnesium, phosphorus, red blood cell, and/or
serum folate levels semiannually and annually. For those individ-
uals with extensive weight loss nutritional laboratories should be
obtained every 3 months. If concerns for osteomalacia exist,
consideration of pre- and postprocedure dual-energy x-ray absor-
tiometry scan may be beneficial. It is important to ensure that a
patient’s weight does not exceed the machine’s capacity because
many dual-energy x-ray absortiometry scans can only accommo-
date up to 300 lb.

When monitoring micronutrients, it is imperative to use age-
appropriate cutoffs to appropriately diagnose and treat nutritional
deficiencies. Table 6 addresses age-appropriate laboratory
parameters to diagnose iron deficiency anemia. Table 7 addresses
additional nutritional parameters to monitor.

Ferritin concentrations are often first decreased when iron
intake is inadequate; however, ferritin is not recommended as a
screening tool because it can be affected by other issues (eg,
inflammatory process).

OTHER CONSIDERATIONS

Hunger Assessment
Volume of food consumed is decreased after WLS (65). It is

unclear by which mechanism, hormonal or mechanical, food intake
is limited. Despite which mechanism may be responsible, it makes
sense that recognition regarding hunger/satiety cues would aid in
improved outcomes. Teaching hunger satiety cues before and after
surgery may assist in recognition of the adolescent for the need for
less volume of food after obesity surgery. One method of teaching
hunger/satiety is the use of a hunger scale. This may be accom-
plished by asking the adolescent to record hunger/satiety on a scale
of 1 to 10 before and in the middle of a meal (with the number 1
being the number for extreme hunger and 10 being the number for
extreme fullness). If they record a number >7 at the middle of the
meal, then they should be asked to consider ending the meal.
Teaching and encouraging intuitive eating before and after WLS
may assist in growing awareness of hunger and satiety and there-

utritional Strategy for Adolescents Undergoing Bariatric Surgery
authorized reproduction of this article is prohibited.

fore, may limit the volume of food consumed, which may affect
overall postsurgical weight loss.

childhood

MCV, fL % TIBC sat. Ferritin, mg/L

<81 <16 <18
<82 <16 <15
<85 <16 <15
<85 <16 <15

; Hgb¼ hemoglobin; MCV¼mean corpuscular volume; TIBC¼ total iron-
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TABLE 7. Age-appropriate laboratory parameters to be monitored postadolescent obesity surgery

Nutritional factor Laboratory parameter Normal value Effects of deficiency

Thiamin (B1) Red blood cell transketolase
stimulation

<15% Beriberi, neuritis, edema, cardiac failure, anorexia,
hoarseness, restlessness, aphonia

Pyridoxine (B6) Plasma PLP <20 nmol/L Neuropathy, photosensitivity
Folic acid (B9) Serum folate, RBC folate,

homocysteine
>6 ng/mL, >160 ng/mL Megaloblastic anemia, irritability, paranoid behavior

Cobalamin (B12) Urine/serum B12
� <3.60 mmol/mol creatinine

or 200–900 pg/mL
Pernicious anemia, neurological deterioration

Vitamin A Plasma retinol 20–72 mg/dL Night blindness, xerophthalmia, dermatomalacia,
impaired resistance to infection, follicular
hyperkeratosis, poor bone growth

Calcium Ionized calcium 4.48–4.92 mg/dL Numbness and tingling in the fingers, muscle cramps,
convulsions, lethargy, poor appetite, and abnormal
heart rhythms

Vitamin D Serum 25-OHD <50 nmol/L Rickets, osteomalacia
Vitamin C Plasma vitamin C 0.2–2 mg/dL Bleeding gums, diarrhea, perifollicular hemorrhage,

scurvy
Vitamin E Plasma a-tocopherol 0.7–10 mg/dL Hyporeflexia spinocerebellar and retinal degeneration
Zinc Serum zinc 0.75–1.2 mg/L Anorexia, hypogeusia, delayed growth or sexual

maturation, impaired wound healing
Magnesium Serum magnesium 1.5–2.0 mg/dL Convulsions, neuropsychiatric disorders,

hypomagnesemia
Copper Serum copper 1.10–1.45 mg/L Microcytic, hypochromic anemia, delayed growth

osteoporosis, neutropenia

This table is a guide. Many laboratories have variability in the parameters that are checked as well as normal values. It is recommended that the clinician
become familiar with the laboratory that typically serves their patients. If a deficiency is diagnosed, then it is recommended to repeat the nutrient as per
traditional nutrient repletion guidelines (34,63,64). 25-OHD¼ 25-hydroxy vitamin D; PLP¼ pyridoxal-5-phosphate; RBC¼ red blood cell.�

If borderline low level, confirm deficiency with serum methylmalonic acid may be check.
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Weight Regain

Understanding the factors that contribute to postsurgical
weight regain may assist in a better understanding of how to
prevent/minimize weight regain. The factors that may contribute
to weight regain have yet to be determined, but these factors can
vary from anatomical and physiological adaptations over time (66)
to compliance issues (67), food urges (68), abnormal eating habits
(69), to severely decreased postoperative well-being (68). More
recently, a study showed that decreased resting metabolic rate
correlated with those individuals who had weight regain (70).
The clinician may want to consider encouraging self-monitoring
and assisting the adolescent with control over food urges as well as
reinforcing the need for follow-up, all of which have been shown to
correlate with decreased postsurgical weight regain.

Academic Environment

Adolescent patients present issues related to the academic
environment that adult WLS patients do not encounter. For ado-
lescents in middle or high school, the clinician should advise them
to carry a water bottle to sip on fluids throughout the day, request
lunch be between 11 AM and 1 PM, possibly allow for a snack or
protein supplement during class time, and preferably pack lunch to
provide the healthiest options. A letter to the school nurse or
pyright 2012 by ESPGHAN and NASPGHAN. Un

administrator may be necessary to communicate the special needs
of the WLS population.
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Adolescents attending college on campus should plan ahead
to follow the recommended portion controlled eating pattern. Using
campus services such as the food service director or college
nutritionist can help them to navigate the system at their school.
Most dining halls/eating plans at college provide a variety of
nutritious options, with lean protein sources readily available. Many
campuses offer a program through which food can be purchased by
the ounce, cup, or half portion. Students should plan the timing and
frequency of their meals that realistically accommodates their class
schedule. Keeping their dorm room stocked with protein-rich foods,
whole-grain snacks, water, and sugar-free drinks will allow them to
make healthy, appropriate choices and minimize unplanned snack-
ing on high-sugar, high-fat foods that provide much energy but
few nutrients.

Reproductive Health

The American College of Obstetrics and Gynecology recom-
mends avoiding pregnancy for 12 to 18 months post-WLS (71).
Little is known about the safety of a developing fetus in the setting
of rapid weight loss and energy and nutritional restriction that
occurs after WLS. Nutritional deficiencies are another concern for
any patient having had a malabsorptive procedure that would place
her at increased risk of folic acid and vitamin B12 deficiency, which
in turn increases the risk of an open neural tube defect. To date,
there have been 7 infants with neural tube defects ranging from
authorized reproduction of this article is prohibited.

spina bifida to anencephaly born to mothers more than 12 months
after gastric bypass surgery (72–74). Considering that there is
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documentation of the lack of long-term noncompliance with taking
vitamin supplements as directed, special attention should be
focused on girls after WLS, especially those who have had malab-
sorpitve procedures (75,76). Counseling should include the risk to
the fetus if vitamins are not used in the first few months of
pregnancy, often when a girl is unaware she is yet pregnant. For
the majority of girls beyond the 12 to 18 months after WLS, there is
good evidence that mothers and infants have no increased risk of
complications related to prior WLS aside from biliopancreatic
diversion (77). Additionally, because of the dramatic improvement
in comorbidities such as hypertension, type 2 diabetes mellitus, and
polycystic ovary syndrome after bariatric surgery, many experts
argue that surgery may be beneficial in terms of reproductive health
outcomes, in addition to the benefits already documented.

WLS programs should include either counseling regarding
reproductive health concerns and recommendations as part of their
pre- and postoperative assessments or referral to someone who is
familiar with the commonly observed reproductive health problems
among severely obese girls. These concerns include anovulatory
menstrual cycles, polycystic ovary syndrome, increased risk of
endometrial hyperplasia, increased infertility, and concerns related
to gestational and type 2 diabetes mellitus. Additionally, there
should be direct instruction regarding the recommendation to avoid
pregnancy in the 12 to 18 months after surgery. Counseling
regarding appropriate methods to prevent pregnancy should be
provided to any sexually active girl planning WLS. Postoperatively,
providers should continue to monitor for vitamin deficiencies,
paying special attention to folic acid, vitamin B12, and iron replace-
ment for girls desiring to become pregnant. Continuation of appro-
priate dietary intake in the WLS patient along with vitamin and
mineral supplementation is important after delivery to ensure
appropriate growth and development of the breast-fed infant
(77,78). Inadequate weight gain reversed with the use of formula
has been reported in a breast-fed infant born postgastric bypass with
inadequate protein intake (79). Congenital vitamin B12 deficiency
with pancytopenia, global developmental delay, and cortical atro-
phy has been reported in breast-fed infants born to mothers several
years after gastric bypass surgery (80,81). Consultation with a
pediatric dietitian and lactation consult during infancy can help
ensure appropriate growth and development for the infant.

Predictors of Success

Success after bariatric procedures requires significant beha-
vioral changes that are dependent on the patient’s ability to suc-
cessfully implement lifestyle changes (82). Because of concerns
about the ability to comprehend and implement longitudinal
changes after bariatric surgery, many adult centers exclude patients
with significant cognitive impairment. A recent survey of bariatric
programs conducted by Bauchowitz et al (83), reported that 81.5%
of the respondents would exclude individuals with an IQ <50 from
consideration for bariatric procedures. There is a paucity of pub-
lished data on bariatric procedures in adolescents with cognitive
impairment, aside from patients with Prader-Willi syndrome
(PWS), an imprinting disorder arising from the loss of the paternal
copy of 15q11.2–13 with impairment in satiety and propensity to
severe obesity as primary features. Bariatric procedures in children
with PWS should be considered with extreme caution. A recent
review of bariatric surgical outcomes in individuals with PWS
noted poor results in comparison to nonsyndromic obese individuals
(84).

The goal of bariatric surgical procedure is weight loss. In
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neither restrictive procedures, such as lap band, nor restrictive-
malabsorptive procedures, such as RYGB, does weight loss lead to a
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person reaching his or her ideal body weight. Often a percentage of
excess weight (% EWL), the amount of excess weight that a patient
has relative to his or her ideal weight, is the measure used to
describe the success after a bariatric procedure. For bariatric surgery
% EWL ranges from 58% to 64%. Restrictive procedures such as
lap band have less % EWL (40%–54%), whereas the restrictive-
malabsorptive procedures such as RYGB have greater mean %
EWL, 56% to 74% (85). Change in BMI is also used to describe
weight loss after a bariatric procedure. BMI is defined as the
individual’s body weight divided by the square of his or her height.
Changes in BMI have also been used to define successful bariatric
procedure. Presently there are good standards correlating BMI to
cardiovascular risk factors. Finally, resolution or improvement with
obesity-related comorbidities is another method of defining suc-
cessful bariatric procedure. Resolution can be seen in type 2
diabetes mellitus, hyperlipidemia, hypertension, and obstructive
sleep apnea.

Although there is a lack of data on predictive factors of
success for pediatric patients undergoing bariatric surgery, extra-
polation from the adult data would indicate the best chance for
success surgery, defined as EWL>50% in individuals younger than
40 years with initial BMI <50 kg/m2, willingness to change eating
habits, and willingness to increase physical activity (85). Although
adult patients with extreme obesity do not seem to have good EWL,
in adolescent patients this may not hold true. Data also exist
highlighting the importance of the experience of the surgical team
in conjunction with a multidisciplinary approach to weight loss,
including behavior modification as important factors for optimal
outcomes (86).

CONCLUSIONS
Careful considerations should be made when assessing,

educating, and monitoring the adolescent WLS patient. Most of
these recommendations are based on the best practices of those
currently working with this population. The recommendations in
this article are meant to provide a guide when developing a new
program or as a tool to reevaluate an existing program. At this point,
there is limited evidence-based practice. Because of this, many
WLS programs often vary in their approach, diet progression, and
the like. It is anticipated that there will be more research in this area,
and this assists in establishing more uniform protocols in
WLS programs.
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Maternal Obesity, Gestational Weight Gain, and Offspring Adiposity:
The Exploring Perinatal Outcomes among Children Study
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Objective To determine whether adequate vs excessive gestational weight gain (GWG) attenuated the associa-
tion between maternal obesity and offspring outcomes.
Study designData from 313mother-child pairs participating in the Exploring Perinatal Outcomes amongChildren
study were used to test this hypothesis. Maternal prepregnancy body mass index (BMI) and weight measures
throughout pregnancy were abstracted from electronic medical records. GWG was categorized according to the
2009 Institute of Medicine criteria as adequate or excessive. Offspring outcomes were obtained at a research visit
(average age 10.4 years) and included BMI, waist circumference (WC), subcutaneous adipose tissue (SAT) and
visceral adipose tissue, high-density lipoprotein cholesterol, and triglyceride levels.
Results More overweight/obese mothers exceeded the Institute of Medicine GWG recommendations (68%)
compared with normal-weight women (50%) (P < .01). Maternal prepregnancy BMI was associated with worse
childhood outcomes, particularly among offspring of mothers with excessive GWG (increased BMI [20.34 vs
17.80 kg/m2], WC [69.23 vs 62.83 cm], SAT [149.30 vs 90.47 cm2], visceral adipose tissue [24.11 vs 17.55 cm2],
and homeostatic model assessment [52.52 vs 36.69], all P < .001). The effect of maternal prepregnancy BMI on
several childhood outcomes was attenuated for offspring of mothers with adequate vs excessive GWG (P < .05
for the interaction betweenmaternal BMI andGWGstatus on childhoodBMI,WC, SAT, and high-density lipoprotein
cholesterol).
Conclusion Our findings lend support for pregnancy interventions aiming at controlling GWG to prevent child-
hood obesity. (J Pediatr 2014;-:---).

T
he prevalence of obesity has been increasing dramatically in the US, including among women of reproductive age.1

Maternal obesity is a major risk factor for gestational diabetes mellitus (GDM) and future type 2 diabetes.2 Moreover,
observational studies suggest an independent association of maternal obesity with excessive fetal growth3,4 and child-

hood obesity.5 Alarmingly, increasing obesity trends are now observed early in life, even among young infants,6 pointing toward
harmful changes in the environment in which contemporary children are born and raised.7 These and other observations lead
to the hypothesis that maternal obesity during pregnancy is associated with lifelong consequences in the offspring8 and,
possibly, over successive generations.9 It has been suggested that a transgenerational “vicious cycle” results, explaining at least
in part, the increases in obesity, GDM, and type 2 diabetes seen over the past several decades.10 In addition, obese children tend
to become obese adults and, once present, obesity and its consequences are expensive and difficult to treat. This makes preg-
nancy a crucial window of opportunity for obesity prevention in this and the next generation.

The role of gestational weight gain (GWG) on childhood adiposity outcomes is less clear and incompletely studied. Some,
but not all,11,12 epidemiologic studies have found that greater GWG is associated with greater body mass index (BMI) in child-
hood13-17 and adolescence5 and with increased fat mass and poorer metabolic and vascular traits at age 9 years.18 Some studies
have suggested that the association of greater maternal weight gain and offspring obesity persists into adulthood.12 Maternal
prepregnancy BMI and excessive GWG have been linked independently to increased adiposity in the offspring.11,16,17,19-21 In a
group of preschool children, the odds of being categorized as overweight by age 4-5 years was increased by 57% in children
exposed to both a maternal prepregnancy BMI greater $25 kg/m2 and excessive weight gain during pregnancy.16 It remains
unclear however, whether the effect of maternal prepregnancy BMI on childhood adiposity outcomes is mitigated by adequate

weight gain during pregnancy.
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The answer to this question is important because it would
provide support to the notion that healthier weight-gain pat-
terns during pregnancy may improve the short- and long-
term effects on offspring who have been exposed to maternal
obesity. To address this question, we used data from the
Exploring Perinatal Outcomes among Children (EPOCH)
study in Colorado.

Methods

The EPOCH study is an observational historical prospective
cohort comprising children born between 1992 and 2002 at
a single hospital in Colorado, whose biological mothers
were members of the Kaiser Permanente of Colorado Health
Plan (KPCO) and who were offspring of singleton pregnan-
cies. All children exposed to maternal GDM were eligible,
together with a random sample of children not exposed to
GDM. Children were invited to attend an in person-
research visit when they were on average age 10.5 years (range,
6-13 years), and approximately 68% agreed to participate.

Included in this analysis were 313 mother-child pairs (141
non-Hispanic white, 145 Hispanic, 27 non-Hispanic African
American) who were part of the EPOCH study and had com-
plete data onmaternal prepregnancyBMI,GWG, andoffspring
adiposity outcomes. Children and their mothers completed a
research visit between January 2006 andOctober 2009. Because
the EPOCH studywas specifically designed to explore the long-
term effects of maternal GDM on offspring, the cohort is en-
riched in offspring of GDM mothers. Because we were
exploring specific hypotheses regarding the role of excessive
GWG as effect modifier, the small number of offspring of
mothers who gained insufficient gestational weight during
pregnancy was excluded. The study was approved by the local
Institutional Review Board, and all participants provided writ-
ten informed consent and youth provided written assent.

Maternal Measures
Maternal pregnancy measures (weight, GDM) and offspring
birth weight were obtained from the KPCO perinatal data-
base, a linkage of the maternal and perinatal medical record
containing prenatal and delivery events for each woman.
Maternal prepregnancy weight was measured before the last
menstrual cycle preceding pregnancy. Maternal height was
collected at the in-person research visit and used to calculate
prepregnancy BMI (kg/m2). BMI was categorized as normal
weight (18.5-25 kg/m2) and overweight/obese ($25 kg/
m2). Multiple weight measures during pregnancy (on average
4 per participant) were used to model GWG using a longitu-
dinal mixed effects model that included fixed effects for time,
time squared, prepregnant BMI, maternal age, gravidity, and
a time by prepregnant BMI interaction. The model included
subject-specific intercept and slope terms. GWG was esti-
mated using the absolute predicted weight gain for a full-
term pregnancy (model predicted weight at term minus
model predicted weight at conception). Women were catego-
rized as either exceeding or meeting the 2009 recommended
Institute of Medicine (IOM) GWG guidelines (adequate total
2

GWG for normal BMI prepregnancy 11.4-15.9 kg and over-
weight/obese BMI prepregnancy 5-11.4 kg).22 Women who
gained inadequate weight during pregnancy were excluded
from this analysis, according to our a priori hypothesis.
Physician-diagnosed GDM was coded as present if diag-

nosed through the standard KPCO screening protocol and
absent if screening was negative. Since the 1990s, KPCO
has routinely screened for GDM in all nondiabetic pregnan-
cies using a 2-step standard protocol and criteria based on the
National Diabetes Data Group recommendations.23

Childhood Measures
All children were invited to an in-person research visit, which
included anthropometric measures, questionnaires, a mag-
netic resonance imaging exam of the abdominal region and
a fasting blood sample. Race/ethnicity was self-reported
using 2000 US census-based questions and categorized as
Hispanic (any race), non-Hispanic white, or non-Hispanic
African American. Pubertal development was assessed by
child self-report with a diagrammatic representation of Tan-
ner staging adapted fromMarshall and Tanner.24 Youth were
categorized as Tanner <2 (prepubertal) and $2 (pubertal).
Total energy intake (kilocalories per day) was assessed using
the Block Kid’s Food Questionnaire.25 Self-reported key ac-
tivities, both sedentary and nonsedentary, performed during
the previous 3 days were measured using a 3-day Physical Ac-
tivity Recall questionnaire.26 Each 30-minute block of activ-
ity was assigned a metabolic equivalent variable to
accommodate the energy expenditure. Results were reported
as the average number of 30-minute blocks of moderate-
to-vigorous activity per day. Current height and weight
were measured in light clothing and without shoes. Weight
was measured to the nearest 0.1 kg using a portable electronic
SECA scale (SECA, Chino, California). Height was measured
to the nearest 0.1 cm using a portable SECA stadiometer.
Height and weight were measured and recorded twice, and
an average was taken. Scales and stadiometers were calibrated
every 2 months using standard weights for scales and an
aluminum measuring rod for the stadiometer. BMI was
calculated as kg/m2. Waist circumference (WC) was
measured to the nearest 1 mm at the midpoint between the
lower ribs and the pelvic bone with a metal or fiberglass
nonspring-loaded tape measure.
Magnetic resonance imaging of the abdominal region was

used to quantify visceral adipose tissue (VAT) and subcu-
taneous adipose tissue (SAT) with a 3T HDx imager (General
Electric, Waukashau, Wisconsin) by a trained technician.
Each participant was placed supine and a series of T1-
weighted coronal images were taken to locate the L4/L5
plane. One axial, 10-mm, T1-weighted images at the umbili-
cus or L4/L5 vertebra was analyzed to determine SAT and
VAT content. The analysis technique used was a modification
of the technique of Engelson,27 where adipose tissue regions
were differentiated by their signal intensity and location. Im-
ages were analyzed by a single reader.
Cholesterol, triglyceride (TG), and high-density lipopro-

tein cholesterol (HDL-C) were obtained while the patient
Kaar et al
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was fasting and measured using the Olympus (Center Valley,
Pennsylvania) AU400 advanced chemistry analyzer system.
Estimated insulin resistance was based on the homeostatic
model assessment (HOMA-IR), calculated using fasting
glucose and insulin levels collected at the study visit accord-
ing to the formula: (fasting glucose [mmol/L]� fasting insu-
lin [mU/mL]/22.5).

Statistical Analyses
All analyses were conducted using SAS v9.4 (SAS Institute,
Cary, North Carolina). Prepregnant BMI was categorized as
normal weight (18.5-25 kg/m2) and overweight/obese
($25 kg/m2). Descriptive analyses compared prepregnant
BMI groups using both t tests and c2 tests (Table I).
Univariate regression was used to examine whether maternal
prepregnant BMI was associated with childhood adiposity-
related variables (including BMI, WC, SAT and VAT, HDL-
C, TGs, and HOMA-IR). An ANOVA model was used to
investigate the modifying effect of GWG on the relationship
between prepregnancy maternal BMI and childhood
adiposity-related variables. All models were controlled for
potential confounders, which included current offspring age,
sex, race/ethnicity, Tanner stage, birth weight, and maternal
GDM status.

Results

Table I shows the characteristics of the study population,
according to maternal prepregnant obesity status. Of the 313
Table I. Characteristics of study population (mean� SD) acco

Normal weight (n =

Maternal characteristics
Maternal age at delivery, y 30.38 � 5.73
Nulliparous, n (% yes) 42 (28.19)
Prepregnant BMI, kg/m2 21.70 � 1.99
GDM, n (%) 24 (16.11)
First-trimester weight gain, kg 3.98 � 1.07
Second-trimester weight gain, kg 4.88 � 1.08
Third-trimester weight gain, kg 5.68 � 1.07
Total GWG, kg 16.52 � 3.55
Exceeded IOM recommended GWG, n (%) 74 (49.66)

Child characteristics
Gestational age at delivery, wk 38.86 � 1.79
Birth weight, g 3211.30 � 551.00
Current age, y 10.48 � 1.41
Male sex, n (%) 81 (54.36)
Race/ethnicity, n (%)

Non-Hispanic white 80 (53.69)
Hispanic 62 (41.61)
Non-Hispanic African American 7 (4.70)

Tanner stage $2, n (%) 77 (46.95)
BMI, kg/m2 17.80 � 3.31
Waist, cm 62.83 � 9.02
SAT, cm2 90.47 � 78.05
VAT, cm2 17.55 � 9.98
TG, mg/dL 82.72 � 37.91
HDL-C, mg/dL 52.72 � 9.44
HOMA-IR 36.69 � 26.92
Physical activity, blocks/day 4.52 � 2.93
Total daily calories, kcal/d, mean (95% CI) 1795.60 � 549.60
Percent calories from fat, % 35.99 � 5.11

Maternal Obesity, Gestational Weight Gain, and Offspring Adip
among Children Study
eligible mothers, 164 were classified as overweight or obese
with a prepregnant BMI >25 kg/m2. The groups were similar
in terms of maternal age, parity status, and gestational age at
delivery. Women categorized as overweight or obese were
more likely to be diagnosed with GDM compared with
normal-weight women, although not significantly (P = .09).
Maternal GWG patterns according to maternal pre-
pregnancy overweight/obesity status are also described in
Table I. As expected, normal-weight mothers gained
significantly more weight in each trimester of pregnancy and
overall, compared with overweight/obese mothers. However,
68% of overweight/obese mothers exceeded the 2009 GWG
IOM recommendations vs only 50% of normal weight
mothers (P < .01).
Children in the 2 groups were similar in terms of age, sex,

and pubertal status, but significantly more offspring of over-
weight/obese mothers were of Hispanic or African American
descent (P = .004).
All childhood adiposity measurements were significantly

different according to maternal prepregnancy obesity status
(Table I). Offspring of overweight/obese mothers had
significantly greater BMI, WC, as well as subcutaneous and
visceral fat, compared with offspring of normal-weight
mothers. TGs and insulin resistance, as estimated by risk
HOMA-IR, also were significantly worse for the children
exposed to overweight/obesity in utero.
Table II shows the association between maternal

prepregnancy BMI and various offspring adiposity-related
outcomes. The analysis is stratified by whether the mothers
rding to maternal prepregnancy overweight/obesity status

149) Overweight or obese (n = 164) P value

30.66 � 5.84 .67
50 (30.49) .66

30.76 � 5.29 <.0001
39 (23.78) .09
3.18 � 1.51 <.0001
4.08 � 1.53 <.0001
4.89 � 1.51 <.0001
13.58 � 5.41 <.0001
111 (67.68) .0012

38.74 � 2.43 .62
3250.10 � 653.30 .57
10.39 � 1.50 .59
91 (55.49) .84

.004
61 (37.20)
83 (50.61)
20 (12.20)
87 (53.05) .25

20.34 � 5.14 <.0001
69.23 � 13.50 <.0001
149.30 � 119.50 <.0001
24.11 � 15.80 <.0001
93.51 � 43.80 .02
50.46 � 11.14 .06
52.52 � 39.95 <.0001
3.88 � 2.88 .05

1839.40 � 531.30 .47
36.20 � 4.80 .70

osity: The Exploring Perinatal Outcomes 3



Table II. The association between maternal
prepregnancy BMI and offspring outcomes, stratified by
GWG status*

Adequate GWG,
b (95% CI)

Excessive GWG,
b (95% CI)

Interaction,
P value

BMI, kg/m2 0.13 (0.02-0.253) 0.34 (0.25-0.44) .004
Waist, cm 0.38 (0.10-0.65) 0.83 (0.58-1.08) .01
SAT, cm2 3.49 (0.89-6.08) 7.26 (4.90-9.62) .03
VAT, cm2 0.37 (0.004-0.74) 0.72 (0.39, 1.06) .16
TG, mg/dL 0.16 (�0.98, 1.31) 1.12 (0.08, 2.16) .21
HDL-C, mg/dL 0.16 (�0.12, 0.44) �0.34 (�0.60, �0.07) .01
HOMA-IR 0.55 (�0.33, 1.43) 1.66 (0.86, 2.45) .06

b = the unit increase in offspring parameter for every 1 kg/m2 increase in maternal prepreg-
nancy BMI.
P values for each univariate model reported.
*Adjusted for age, sex, race/ethnicity, Tanner stage, birth weight, and maternal GDM.
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were meeting or exceeding the 2009 IOM recommendations
for GWG. Increasing maternal prepregnancy BMI was
associated with significantly worse childhood outcomes in
both GWG groups. However, the effect of maternal
prepregnancy BMI on several childhood outcomes was
attenuated for offspring of mothers with adequate vs
excessive GWG. This trend was observed for all explored
variables and was statistically significant for childhood
BMI, WC, SAT, and HDL-C. Additional adjustment for
current diet and physical activity did not materially change
the results.

The Figure illustrates the relationship between maternal
prepregnancy BMI and childhood adiposity-related
outcomes and the effect of adequate vs excessive GWG on
this relationship. In each panel, the association of
prepregnancy BMI and child outcome (BMI, WC, SAT,
and HDL-C) is attenuated for offspring of mothers who
gained adequate vs those who gain excessive gestational
weight.

Discussion

In this cohort of more than 300 mother-child pairs, women
who were overweight or obese before their pregnancy were
more likely to exceed the IOM recommendations compared
with women who began their pregnancy at a normal BMI.
Furthermore, greater prepregnancy BMI was associated
with worse adiposity and metabolic risk markers in their
offspring at an average age of 10 years, including greater
BMI and WC, SAT and VAT fat deposition, and abnormal
lipid markers. Several of these relationships were significantly
attenuated, however, for offspring of women that gain the
recommended amount of weight, compared with those
who gained excessive weight during pregnancy.

This analysis extends previous observations of an associa-
tion between maternal prepregnancy BMI and offspring
adiposity outcomes later in life.11,20,21,28,29 A clear relation-
ship between maternal weight status before pregnancy has
been linked to offspring obesity as early as 2-4 years of age
in a retrospective cohort of low-income Women, Infants,
4

and Children participants,11 in a national representative
cross-sectional sample of 6-8-year-olds20 and extended to
early adolescence period in a prospective sample of more
than 200 white mother-child pairs.21 Various adiposity
indicators in children have been explored, including BMI
percentile11,20 and fat mass via dual X-ray absorptiometry
measurements.21 Offspring of mothers who had a BMI
$30 kg/m2 prepregnancy had a greater odds of being catego-
rized as obese ($95th percentile) at age 2 years (OR 2.2 [95%
CI 1.8-2.6]), 3 years (OR 2.6 [95% CI 2.2-3.1]), and 4 years
(OR 2.6 [95% CI 2.2-3.1]).11 Similarly, for every one-unit in-
crease inmaternal pregnancy BMI, fat mass measured by dual
X-ray absorptiometry increased by 0.26 (95% CI 0.04-0.48)
in boys and 0.42 (95% CI 0.29-0.56) in girls at age 9 years.21

Several mechanisms that are not mutually exclusive may
explain these associations. These include shared genes, shared
familial socioeconomic and lifestyle factors, as well as specific
intrauterine effects. Work, particularly from the Pima Indian
population, suggests that the effect of maternal pregnancy
diabetes on offspring obesity risk is not fully explained by ge-
netic factors. In a small nuclear family study (52 families, 182
siblings) conducted in the Pima Indian population, obesity
was greater among nondiabetic offspring born after the
mother had been diagnosed with type 2 diabetes (ie, overnu-
trition resulting from exposure to increased intrauterine
glucose levels) than in their siblings born before their
mothers’ diagnosis (ie, exposed to lower intrauterine glucose
levels).30 In another study the prevalence of obesity among 2-
to 18–year-old siblings born after maternal biliopancreatic
surgery was 52% lower than among age-matched siblings
born when their mother was obese.31 Because siblings discor-
dant for intrauterine exposures carry a similar risk of inher-
iting the same susceptibility genes and share a similar
postnatal environment, such studies provide strong evidence
that part of the excess risk of childhood obesity associated
with overnutrition in utero reflects specific intrauterine
effects.
From a public health prevention perspective, distinguish-

ing between specific intrauterine mechanisms and shared
familial genetic/behavioral effects is essential for the develop-
ment of randomized trials aimed at testing effective preg-
nancy interventions to reverse the obesity epidemic. In the
absence of definite evidence provided by a randomized clin-
ical trial, this question can be tested by exploring whether
GWG is a potential effect modifier of the relationship be-
tween maternal BMI and child outcomes. We found that
adequate GWG significantly reduces the association between
maternal prepregnancy BMI and offspring outcomes. For
most childhood adiposity-related outcomes, the association
with maternal prepregnancy BMI was still significant even
if mothers gained the recommended amount of weight dur-
ing pregnancy, likely reflecting the other causal pathways
described previously (shared familial genetic and nongenetic
effects); however, all these associations were substantially
reduced (by 50%-60%) if women gained the recommended
amount of weight during pregnancy. Of note, the inverse as-
sociation between maternal BMI and offspring HDL-C levels
Kaar et al



Figure. A-D, GWG modifies the association between maternal prepregnancy BMI and childhood adiposity-related measure-
ments.
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observed with excessive weight gain during pregnancy
became nonsignificant among the group who met the
GWG recommendations.

Our study had numerous strengths, including directly
measured pregnancy exposures, state-of the art measures of
childhood adiposity, and the ability to readily explore associ-
ations between pregnancy exposures and childhood adiposity
outcomes later in life. Limitations include the observational
(rather than experimental) nature of the study and, likely,
the relatively limited size of the cohort, which may have re-
sulted in some nonsignificant interactions. We were under-
powered to additionally explore whether insufficient GWG
modifies the association betweenmaternal BMI and offspring
outcomes. However, the majority of research in this area has
found no or little association between inadequate GWG and
childhood risk of obesity.32 Finally, our cohort has over-
sampled women with GDM and thus our findings may not
be completely generalizable to a lower-risk population.

In conclusion, our findings suggest that the effect of
maternal prepregnancy BMI on several childhood adiposity-
related outcomes is attenuated for offspring of mothers with
adequate vs excessive GWG. Therefore, pregnant women
should be encouraged to follow the IOM recommendations
of weight gain for their given prepregnancy BMI. Finally,
our study lends support for pregnancy interventions aiming
at controlling GWG to prevent childhood obesity. Carefully
designed randomized clinical trials are needed to determine
whether improved weight gain patterns can be achieved
throughout pregnancy that would prevent the short and
long-term consequences on the offspring, and curb the obesity
epidemic. n
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MANAGEMENT REVIEW

The Impact of Maternal Obesity 
on Maternal and Fetal Health
Meaghan A. Leddy,*† Michael L. Power, PhD,* Jay Schulkin, PhD*

*Department of Research, The American College of Obstetricians and Gynecologists, Washington, DC; 
†Department of Psychology, American University, Washington, DC

The increasing rate of maternal obesity provides a major challenge to obstet-
ric practice. Maternal obesity can result in negative outcomes for both women
and fetuses. The maternal risks during pregnancy include gestational diabetes
and preeclampsia. The fetus is at risk for stillbirth and congenital anomalies.
Obesity in pregnancy can also affect health later in life for both mother and
child. For women, these risks include heart disease and hypertension. Chil-
dren have a risk of future obesity and heart disease. Women and their off-
spring are at increased risk for diabetes. Obstetrician-gynecologists are well
positioned to prevent and treat this epidemic. 
[Rev Obstet Gynecol. 2008;1(4):170-178]

© 2008 MedReviews®, LLC
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The worldwide prevalence of obesity has increased substantially over the past
few decades. Economic, technologic, and lifestyle changes have created an
abundance of cheap, high-calorie food coupled with decreased required

physical activity. We are eating more and moving less. There is evidence for
metabolic dysregulation among obese individuals that has been linked with a
number of possible environmental factors, including contaminants from modern
industry. Obesity is a significant public health concern and is likely to remain so
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for the foreseeable future. Maternal
obesity increases the risk of a number
of pregnancy complications, includ-
ing preeclampsia, gestational diabetes
mellitus (GDM), and cesarean delivery
(Table 1).1 Excessive weight gain dur-
ing pregnancy and postpartum reten-
tion of pregnancy weight gain are
significant risk factors for later obesity
in women.2 Additionally, maternal
health can have a significant impact
on the in utero environment and, thus,
on fetal development and the health
of the child later in life (Table 1).3

According to the in utero fetal pro-
gramming hypothesis (Barker hypoth-
esis), size at birth is related to the risk
of developing disease later in life.4 Al-
though the Barker hypothesis origi-
nally focused on low birth weight,
there is evidence that high birth
weight may have its own set of com-
plications later in life. A link between
maternal obesity in the first trimester
and obesity in children has been
demonstrated. Whitaker5 found that
the relative risk of childhood obesity
associated with maternal obesity in
the first trimester of pregnancy was
2.0 (95% confidence interval [CI], 
1.7-2.3) at 2 years of age, 2.3 (95% CI,
2.0-2.6) at 3 years of age, and 2.3
(95% CI, 2.0-2.6) at 4 years of age.
Birth weight has also been shown to
be directly correlated with body mass
index (BMI) later in life.6

One mechanism thought to underlie
these relationships is in utero fetal
programming by nutritional stimuli.
Fetuses have to adapt to the supply of
nutrients crossing the placenta
whether a deficit or an overabun-
dance, and these adaptations may
permanently change their physiology
and metabolism.3 These programmed
changes may serve as the origins of a
diverse array of diseases that arise
later in life, including heart disease,
hypertension, and non–insulin-
dependent diabetes (Figure 1). More-
over, because of fetal programming,
obesity may become a self-perpetuating

problem. Daughters of obese women
may themselves be vulnerable to 
becoming obese and more likely
to have offspring who share this
vulnerability.

Definitions of Obesity
The most commonly used measure-
ment for defining obesity is BMI,
which refers to an individual’s weight

in kilograms divided by the square of
his or her height in meters. Individuals
are deemed overweight when they
have a BMI between 25 and 30 kg/m2;
obesity is defined as a BMI greater
than or equal to 30 kg/m2, and ex-
treme obesity is defined as a BMI
greater or equal to 40 kg/m2. It is
important to note, however, that BMI
can be misleading. For example,

Table 1
Obstetric Complications in Obese Pregnant Women

OR (95% CI)
or

Complication % vs Normal Weight P

Early pregnancy
Spontaneous abortion (miscarriage)
After spontaneous conception 1.2 (1.1-1.5) .04
After IVF conception 1.8 (1.1-3.0) � .05

Recurrent miscarriage 3.5 (1.1-21.0) .04
Congenital anomalies
Neural tube defects 1.8 (1.1-3.0) � .05
Spina bifida 2.6 (1.5-4.5) � .05
Congenital heart disease 1.2 (1.1-1.3) � .05
Omphalocele 3.3 (1.0-10.3) � .05

Late pregnancy
Hypertensive disorder of pregnancy
Gestational nonproteinuric hypertension 2.5 (2.1-3.0) � .0001
Preeclampsia 3.2 (1.8-5.8) .007
Gestational diabetes mellitus 2.6 (2.1-3.4) � .001
Preterm birth 1.5 (1.1-2.1) � .05
Intrauterine fetal demise (stillbirth) 2.8 (1.9-4.7) � .001

Peripartum
Cesarean delivery 47.7% vs 20.7% � .01
Decreased VBAC success 84.7% vs 66% .04
Operative morbidity 33.8% vs 20.7% � .05
Anesthesia complications
Excessive blood loss
Postpartum endometritis
Wound infection/breakdown
Postpartum thrombophlebitis

Fetal/neonatal complications
Fetal macrosomia (EFW � 4500 g) 2.2 (1.6-3.1) � .001
Shoulder dystocia 3.6 (2.1-6.3) � .001
Birth weight � 4000 g 1.7 (1.4-2.0) .0006
Birth weight � 4500 g 2.0 (1.4-3.0) � .0001
Childhood obesity 2.3 (2.0-2.6) � .05

95% CI, 95% confidence interval; EFW, estimated fetal weight; IVF, in vitro fertilization; OR, odds
ratio; VBAC, vaginal birth after cesarean.
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weight lifters and professional ath-
letes tend to have high BMI because
they have a high muscle mass, not
excess fat. These individuals are not
at risk for metabolic health problems
because the health consequences of
obesity come from excess adipose tis-
sue, not the size of one’s body. De-
spite this limitation, BMI continues to
be used today because it is easily cal-
culated and is the best tool available
from a broad-based health policy per-
spective.7

Biology of Adipose 
Tissue
Fat (lipid) is an essential tissue and
performs multiple and diverse func-
tions, including providing nutritional,
hormonal, and even structural sup-
port. The main fat depots in the body
are in adipose tissue. Adipocytes are
cells specifically adapted for fat stor-
age, serve as a future energy source,
and help to avoid the negative meta-
bolic consequences of excess cellular
lipid deposits in organs such as mus-

cle, liver, and heart. However, adipose
tissue is not a passive organ. It ac-
tively regulates metabolism through
multiple distinct but overlapping
pathways. Adipose tissue also con-
tains a large number of nonfat cells,
including fibroblasts and immune
cells such as mast cells, macrophages,
and leukocytes.8 Both adipocytes
and nonfat cells synthesize and se-
crete numerous peptide and steroid
hormones as well as cytokines and
chemokines, and such factors are
known to influence local and sys-
temic physiology (Table 2).8,9 In this
way, adipose tissue functions as an
endocrine organ,9 and it is the meta-
bolic function of adipose tissue that
causes much of the pathology associ-
ated with obesity.

Adipose tissue functions as an en-
docrine organ in a number of ways. It
stores and releases preformed steroid
hormones, converts precursors to
biologically active hormones, and
converts active hormones to inactive
metabolites. To this end, adipocytes
express a number of enzymes critical

Impact of Maternal Obesity on Maternal and Fetal Health continued
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Figure 1. The impact of malnutrition during early development.

Table 2
Enzymes and Hormones Produced by Adipose Tissue

Enzyme/Hormone Function Changes Associated With Obesity

Aromatase Converts androgens to estrogens No change with obesity, but increased fat mass results in
greater total conversion

17�-hydroxysteroid Converts estrone to estradiol and No change
hydrogenase androstendione to testosterone

5�-reductase Inactivates cortisol No change

11�-hydroxysteroid Converts cortisone to cortisol Activity is increased in obese women
dehydrogenase type 1

Leptin Affects food intake, timing of puberty, Circulating leptin levels are increased in obese women
bone development, and immune function

Tumor necrosis Represses genes involved in the uptake Expression of TNF� is increased in the adipose tissue 
factor � (TNF�) and storage of nonesterfied fatty acids of obese women

and glucose

Adiponectin Enhances insulin action Circulating levels of adiponectin are decreased in obese
women
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to steroid hormone biosynthesis and
metabolism (Table 2). For example,
estrone is converted to estradiol in
peripheral adipose tissue. Indeed,
most if not all circulating estradiol in
postmenopausal women comes di-
rectly from adipose tissue.9 Adipose
tissue expresses 11�-hydroxysteroid
dehydrogenase type 1 (11�-HSD1),
which converts cortisone to cortisol,
as well as 5�-reductase, which con-
verts cortisol to 5�-tetrahydrocortisol.
Thus, adipose tissue regulates the
local concentration of glucocorticoids
and contributes to their metabolic
clearance. Finally, adipose tissue se-
cretes a large number of bioactive
peptides and cytokines, collectively
known as adipokines (Table 2). 

Fat in our diet and on our bodies is
beneficial as long as it exists in mod-
eration. Too much fat becomes mal-
adaptive, and normal physiology
pushed beyond adaptive function be-
comes pathology, a concept referred
to as allostatic overload. In the setting
of obesity, pathology develops be-
cause of an increase in adipose tissue
beyond the tolerable functional
range. In this way, the metabolic con-
sequences of obesity are analogous to
the endocrine dysfunction seen in hy-
perplasia of any endocrine organ.
Consider for a moment the metabolic
and health consequences if a person’s
liver, thyroid, or adrenal gland dou-
bled in size.

Source of Data on Obesity
The primary source of national data
on obesity and overweight in the
United States is the National Health
and Nutrition Examination Survey
(NHANES), which includes both an
extensive take-home questionnaire
and a physical examination in a 
mobile examination center (http://
www.cdc.gov/nchs/about/major/nhanes/
hlthprofess.htm). A key feature of
NHANES is that it allows for stan-
dardized measurements of height and

weight, and, thus, an accurate calcu-
lation of BMI. Another source of
obesity data is the Pregnancy Risk
Assessment Monitoring System
(PRAMS), an ongoing population-
based surveillance system that exam-
ines trends in prepregnancy obesity
by maternal demographic and behav-
ioral characteristics. PRAMS collects
self-reported data from maternal
questionnaires on behaviors associ-
ated with pregnancy (http://www.cdc.
gov/prams). The National Vital Statis-
tics System (NVSS) (http://www.cdc.
gov/nchs/nvss.htm) contains data on
all births in the United States as re-
ported on state birth certificates and
is an easy way to collect an abun-
dance of data. Unfortunately, all of
these data sources have their limita-
tions. For example, PRAMS only in-
cludes 9 states (which represent
18.5%, or 1 in 5, of all live births in
the United States10) and tracks trends
in obesity only over a 10-year period.
Similarly, national birth certificate
data collected by the NVSS includes
maternal weight but not height, and
so BMI cannot be calculated.

Patterns of Maternal Obesity
Data from PRAMS has shown that the
prevalence of prepregnancy obesity
increased by 69% over a 10-year pe-
riod, from 13% in 1993-1994 to 22%
in 2002-2003.10 In this report, mater-
nal obesity increased across all
categories of age; race; education;

smoking status; Special Supplemental
Nutrition Program for Women, In-
fants, and Children enrollment; and
parity.10

The Institute of Medicine (IOM) and
the National Heart, Lung, and Blood
Institute of the National Institutes of
Health established guidelines for
healthy ranges of weight gain in
pregnancy (Table 3). PRAMS data
showed that only 1 out of 3 women
had weight gain consistent with the
recommendations of the IOM.11 Racial
and ethnic factors clearly affect
weight gain during pregnancy. Ac-
cording to Brawarsky and col-
leagues,12 African American women
are more likely to be overweight prior
to pregnancy and were most likely to
gain weight in excess of the IOM
guidelines, white females were most
likely to report target weight gain,
Hispanic women were least likely to
report target gains, and Asian women
were more likely to gain less than the
recommend weight.

The postpartum period may be a
critical time for long-term weight
gain and the development of maternal
obesity. Excess weight gain during
pregnancy and persistent weight re-
tention 1 year postpartum are strong
predictors of overweight a decade or
more later.2 According to the National
Maternal and Infant Health Survey,
more than 30% of women retained
14 lb or more when compared with
their recall of their prepregnancy
weight, with African American women

Table 3
Recommendations for Weight Gain in Pregnancy

Body Mass Index Recommended Weight Gain

18.5-24.9 kg/m2 (normal weight) 25-35 lb (11.2-15.9 kg)

25-29.9 kg/m2 (overweight) 15-25 lb (6.8-11.2 kg)

� 30 kg/m2 (obese) 15 lb (6.8 kg)
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reporting a larger weight gain during
pregnancy and less weight loss post-
partum.13 A more recent study
showed that 12% of women retained
at least 11 lb 1 year postpartum.14

These women were more likely to
have gained excessive weight during
pregnancy and to be younger, heavier
prior to pregnancy, nonwhite, unmar-
ried, primiparous, and of lower so-
cioeconomic status. For multiparous
women, weight retention from previ-
ous pregnancies and the quality of
health care received between preg-
nancies appear to be important deter-

minants of subsequent prepregnancy
weight.14 Some authorities have
suggested that more intensive post-
partum care in women who are
overweight or obese (such as graded
exercise and weight loss programs)
may be able to significantly impact
subsequent pregnancy outcome, but
this remains to be definitively demon-
strated. Importantly, in a large epi-
demiologic study in Sweden, an in-
crease in interpregnancy BMI (by at
least 3 kg/m2) was associated with
a higher risk of adverse pregnancy
outcomes.15

Effect of Obesity on Maternal
Complications in Pregnancy
Maternal obesity increases the risk of
a number of pregnancy complications
(Table 1) and, as such, requires adjust-
ment to routine prenatal care (sum-
marized in Table 4). Maternal obesity
is a risk factor for spontaneous abor-
tion (for both spontaneous concep-
tions and conceptions achieved
through assisted reproductive tech-
nology), as well as for unexplained
stillbirth (intrauterine fetal demise). A
recent meta-analysis of 9 studies re-
vealed that obese pregnant women

Impact of Maternal Obesity on Maternal and Fetal Health continued
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Table 4
Adjustments to Routine Prenatal Care in Obese Pregnant Women 

Risk Factor Recommended Care

Increased risk of neural tube defect • Preconception folic acid supplementation (4 mg daily ideally 3 months prior
to pregnancy through the first trimester)

• Maternal serum AFP (15-20 weeks)
• Detailed fetal anatomy survey (18-20 weeks) 

Increased risk of hypertensive disorders • Baseline 24-hour urinalysis in second trimester
of pregnancy, including preeclampsia • Baseline liver and renal function tests in second trimester

• Blood pressure and urine dip for protein at each prenatal visit 
• There is no effective way to prevent preeclampsia 

Increased risk of gestational diabetes (GDM) • Consider early screening with 1-hour nonfasting 50-g glucose load test
(GLT) at 16-20 weeks. If positive, check a definitive 3-hour 100-g glucose
tolerance test (GTT) to confirm the diagnosis of GDM. If negative, repeated
GLT at the usual gestational age of 24-28 weeks

Increased risk of unexplained stillbirth • Consider weekly antepartum fetal testing with NST and/or BPP beginning at
36 weeks, especially in women with a BMI � 40 kg/m2 (although this has
not been shown to definitively improve perinatal outcome)

Increased risk of anesthesia complications • ACOG recommends a prelabor or early intrapartum anesthesia consultation
for all women with a BMI � 40 kg/m2

• Consider early epidural placement in labor
• Recheck epidural placement if the patient is transferred to the operative

room for cesarean delivery because of increased risk of migration of the
epidural catheter

Failure to lose weight after delivery is • Continue nutrition counseling and exercise program after delivery
associated with subsequent adverse maternal • Consider consulting a weight loss specialist to optimize postpartum weight 
health problems, including complications of loss before attempting another pregnancy
future pregnancies • If complicated by GDM, check 2-hour 75-g GTT at or after 6-week 

postpartum visit

ACOG, The American College of Obstetricians and Gynecologists; AFP, �-fetoprotein; BMI, body mass index; BPP, biophysical profile; NST, 
non-stress test. 
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have an estimated risk of stillbirth
that is twice that of normal weight
pregnant women.16 Several mecha-
nisms have been proposed for this
relationship, including the increased
risks of hypertensive disorders and
gestational diabetes that are associ-
ated with maternal obesity during
pregnancy.

Maternal obesity is associated with
an increased risk of hypertensive
disorders of pregnancy, including
preeclampsia (gestational proteinuric
hypertension), with an odds ratio (OR)
of between 2 and 3.17 The risk increases
linearly as BMI increases. For each
increase in BMI of 5 to 7 kg/m2, there
is a corresponding 2-fold increase in
the risk of developing preeclampsia.18

Obese women are at increased risk
of complications at the time of labor
and delivery. The rate of successful
vaginal delivery decreases progres-
sively as maternal BMI increases. A
meta-analysis of 33 studies showed
that the ORs of cesarean delivery were

1.46 (95% CI, 1.34-1.60), 2.05 (95%
CI, 1.86-2.27), and 2.89 (95% CI,
2.28-3.79) among overweight, obese,
and severely obese women, respec-
tively, compared with normal weight
pregnant women.19 According to
Ehrenberg and coworkers, the ce-
sarean delivery rate for women
weighing less than 200 lb was 18%,
versus 39.6% in women who were
classified as extremely obese.20 This
2- to 3-fold increase in cesarean de-
livery rate is true for both primigravid
and multigravid women.1 Whether
this is secondary to increased fetal
size or another maternal characteris-
tic is not known.

Maternal obesity also influences
the success rate of attempted vaginal
birth after cesarean (VBAC). Carroll
and colleagues21 found that women
weighing less than 200 lb had a VBAC
success rate of 81.8% compared with
57.1% for women weighing 200 to
300 lb and 13.3% for women heavier
than 300 lb. A similar relationship

was observed in a subsequent study
using BMI rather than absolute
maternal weight, with VBAC success
rates ranging from 84.7% in women
with a BMI lower than 19.8 kg/m2 to
54.6% in those with a BMI higher
than 30 kg/m2.22

In addition to an increased rate of
operative delivery, obese women are
also at increased risk of intraoperative
complications, including increased
infectious morbidity and thromboem-
bolic events (Table 1). There is also an
increased risk of anesthetic complica-
tions, such as failed intubation at the
time of general endotracheal anesthe-
sia.23 A number of specific recom-
mendations have been proposed to
minimize intraoperative complica-
tions in obese pregnant women (sum-
marized in Table 5).

The reason obese pregnant women
are more likely to end up with a ce-
sarean delivery is not known, but a
theory is that obese women are more
likely to experience dysfunctional

Table 5
Recommendations Before, During, and After Surgery in Obese Pregnant Women 

• Consider preoperative cardiac evaluation, especially if the patient has diabetes or chronic hypertension. This should include a
baseline electrocardiogram and, if abnormal, an echocardiogram and cardiology consultation.

• Give preoperative broad-spectrum antibiotics 20-30 minutes before the skin incision to reduce the risk of postpartum endometritis
and wound infection.

• Consider using a large operating table (especially if the patient is � 300 lb) and having additional personnel in the delivery room.

• Because of the increased risk of intrapartum blood loss, consider having additional blood products available in the operating room.

• If indicated, tape the pannus out of the surgical field to facilitate visualization and avoid a through-and-through skin incision.

• Close the subcutaneous layer. There is extensive evidence that seroma formation and postoperative wound disruption can be de-
creased in obese women (defined as adipose layer � 2 cm) if the subcutaneous tissues are closed using layers of running sutures.

• Avoid subcuticular skin closure to allow serous fluids from the subcutaneous fat to drain out of the incision rather than accumu-
late in the subcutaneous layer.

• Place pneumatic compression stockings on the lower extremities of all obese parturients prior to and during surgery as prophy-
laxis against deep vein thrombosis (DVT).

• The compression stockings should remain in place until the patient is fully ambulatory. Additional prophylaxis against DVT with
prophylactic low-molecular-weight heparin should be considered in women with a body mass index � 40 kg/m2.

• Begin early ambulation to prevent DVT formation.

• Consider delaying removal of staples or sutures for a full week to allow the skin to heal completely.
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labor. For example, Vahratian and
colleagues24 found that the rate of
cervical dilation in nulliparous
women in spontaneous labor de-
creased as maternal BMI increased. In
this study, normal weight women
(BMI 19.8-26.0 kg/m2) took a median
duration of 5.43 hours to dilate from
4 to 10 cm, whereas obese women
(BMI � 29.0 kg/m2) took 6.98 hours.
This appears to be true also in women
undergoing induction of labor at
term. Nuthalapaty and colleagues25

demonstrated that, although multi-
parous women progressed faster dur-
ing induced labor than nulliparous
women, in both groups an increase in
maternal weight quartile was associ-
ated with a decreased rate of cervical
dilation and an increase in the dura-
tion of labor. Denison and col-
leagues26 showed that a higher mater-
nal BMI in the first trimester and a
greater increase in BMI throughout
pregnancy were associated with a re-
duced likelihood of spontaneous labor
at term, an increased risk of post-term
pregnancy, and an increased rate of
intrapartum complications.

Effect of Maternal Obesity 
on Perinatal Outcome
Maternal obesity is associated with
abnormal fetal growth. Women who
are heavier are less likely to have a
pregnancy complicated by a small-
for-gestational age infant or in-
trauterine growth restriction, but this
protective effect appears to dissipate
once the maternal BMI reaches the
level of obesity (� 30 kg/m2). The
major concern in obese pregnant
women is fetal macrosomia (defined
as an estimated fetal weight of
greater than or equal to 4500 g),
which appears to be increased 2- to
3-fold in obese parturients.27 More-
over, there appears to be a dose-
dependent relationship between ma-
ternal obesity and fetal macrosomia.
In a recent meta-analysis, the preva-

lence rates of fetal macrosomia were
13.3% and 14.6% for obese and mor-
bidly obese women, respectively,
compared with 8.3% for the normal
weight control group.16 In the United
States, the mean birth weight be-
tween 1985 and 1998 increased from
3423 to 3431 g among whites and
from 3217 to 3244 g among blacks.28

In Canada during the same time pe-
riod, the mean birth weight increased
from 3391 to 3427.28 In Denmark, the
mean birth weight between 1990 and
1999 increased from 3474 g to 3519
g (an increase of 45 g) and macroso-
mia rates increased from 16.7% to
20%.29 During a similar time period
(1992-2001) in Sweden, there was a
3% increase in the incidence of large-
for-gestational-age newborns (de-
fined as birth weight � 2 standard
deviations from the mean for a given
gestational age).30 Although a num-
ber of factors may explain this global
increase in the prevalence of fetal
macrosomia, the prevailing data
suggest that maternal obesity is the
main factor, followed by maternal
diabetes status.27

Fetal macrosomia in obese women
is associated not only with an increase
in the absolute size of the fetus, but
also in a change in body composi-
tion.31,32 Sewell and coworkers31 found
that the average fat mass of infants
born to mothers with a normal BMI 
(� 25 kg/m2) was 334 g, giving a body
fat composition of 9.7%. The offspring
of women with a BMI � 25 kg/m2, on
the other hand, had a mean fat mass
of 416 g, or a body fat composition of
11.6%. Of note, the majority of this
effect appears to be a result of weight
gain during pregnancy. Indeed,
prepregnancy BMI appears to account
for only 6.6% of the observed varia-
tion in infantile fat mass and only
7.2% of body fat composition.33

Maternal obesity is associated also
with an increased risk of neural tube
defect (NTD) in the offspring, even

after controlling for ethnicity, mater-
nal age, education, and socio-
economic status.34-36 Watkins and
coworkers35 concluded that a 1 kg/m2

increase in BMI is associated with a
7% increased risk of having an infant
with NTD. A recent meta-analysis by
Rasmussen and colleagues36 reported
that the OR for delivering an infant
with NTD was 1.22 (95% CI, 0.99-
1.49), 1.70 (95% CI, 1.34-2.15), and
3.11 (95% CI, 1.75-5.46) among over-
weight, obese, and morbidly obese
women, respectively, compared with
normal weight women. The mecha-
nism underlying the increased risk of
NTD in pregnancies complicated by
maternal obesity is unknown. How-
ever, a number of theories have been
proposed, including a reduction in the
amount of folic acid reaching the de-
veloping embryo due to insufficient
absorption and greater maternal
metabolic demands, chronic hypoxia,
and increased circulating levels of
triglycerides, uric acid, estrogen, and
insulin (due, in part, to increased in-
sulin resistance).34,35

Maternal Obesity and Diabetes
Maternal obesity is associated with an
increased risk of diabetes, both
pregestational diabetes and GDM.37,38

Compared with normal weight
women (BMI � 25 kg/m2), a recent
meta-analysis of 20 studies demon-
strated that the OR of developing
GDM was 2.14 (95% CI, 1.82-2.53),
3.56 (95% CI, 3.05-4.21), and 8.56
(95% CI, 5.07-16.04) among over-
weight (BMI 25-30 kg/m2), obese 
(BMI � 30 kg/m2), and severely obese
women (BMI � 40 kg/m2), respec-
tively.38 A recent study found that
weight gain in the 5 years prior to be-
coming pregnant, even at a rate of 1.1
to 2.2 kg per year, increases the risk
of developing GDM, and that this was
especially true for women who were
not initially overweight.37 In addition
to prepregnancy BMI, a number of
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other demographic factors affect the
incidence of GDM. Hedderson and
colleagues37 found that GDM was
more likely in women who were older
than 35 years of age and who were of
Hispanic or Asian ethnicity. In this
cohort, GDM was also more common
in women with 12 years or less of
schooling and with 2 or more previ-
ous live births.

The reason obese women are at
higher risk of developing GDM has
yet to be fully delineated, but is likely
related to an increase in insulin resis-
tance. As a result of the continued
production of counterregulatory
(anti-insulin) hormones by the grow-
ing placenta, insulin resistance in-
creases progressively throughout
pregnancy. At any single point in
pregnancy, however, obese women
have higher insulin resistance (lower
insulin sensitivity) than women of
normal weight, which results in in-
creased availability of lipids for fetal
growth and development.33 Gene mi-
croarray profiling of the placentae of
obese women with GDM demonstrates
increased expression of genes related
to lipid metabolism and transport,39

which likely accounts for the increase
in birth weight and fat mass observed
in the offspring of such women.

The development of GDM has a
number of adverse maternal and fetal
implications. For women, these in-
clude an increased risk of hyper-
glycemia, cesarean delivery, and dia-
betes in later life, with more than 50%
of women with GDM acquiring dia-
betes within 20 years of delivery.40

The implications for the offspring
may be even more severe. Pregnan-
cies complicated by GDM have a 4-
fold increased risk of perinatal mor-
tality and a 3-fold increased risk of
macrosomia. In addition to being
larger, infants born of pregnancies
complicated by GDM also have sig-
nificantly larger skin folds at all areas
of measurement (triceps, subscapular,

flank, thigh, abdomen) and, as such,
are at increased risk of shoulder dys-
tocia and resultant birth injury.41

Moreover, offspring born of GDM
pregnancies are more likely to de-
velop childhood and adult obesity (OR
1.4 [95% CI, 1.2-1.6] for every 1-kg
increment in birth weight) as well as
type 2 diabetes mellitus.42

Physician Responsibility
With the known adverse conse-
quences of maternal obesity, it is im-
portant that physicians address this
issue with their patients. Disconcert-
ingly, Honda43 found that, over a pe-
riod of 1 year, only 21.3% and 24.5%
of adults who visited their physician
received advice about diet and exer-
cise, respectively. On a positive note,
a recent survey of 900 obstetrician-
gynecologists by The American Col-
lege of Obstetricians and Gynecolo-
gists showed that 80% routinely
counsel their pregnant patients about
weight control, although only 35%
believe that such prenatal counseling
will significantly affect the incidence
of obesity.44

Conclusions
The incidence of maternal obesity and
its attendant comorbid conditions
(diabetes, cardiovascular disease) con-
tinues to increase at an alarming rate,
with major public health implications.
Not only does maternal obesity affect
the woman, but it also impacts the
health of the child, leading to in-
creased childhood obesity and dia-
betes. Despite improvements in our
understanding of this endocrinopathy,
there are still many barriers to the clin-
ical care for such women. Obstetrician-
gynecologists are in a key position to
prevent and treat this epidemic.
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ABSTRACT
Background Disordered eating behaviors are prevalent in
adolescence and can have harmful consequences. An im-
portant question is whether use of these behaviors in
adolescence sets the pattern for continued use into young
adulthood.
Objective To examine the prevalence and tracking of diet-
ing, unhealthy and extreme weight control behaviors,
and binge eating from adolescence to young adulthood.
Design Population-based, 10-year longitudinal study (Pro-
ject EAT-III: Eating Among Teens and Young Adults,
1999-2010).
Participants/setting The study population included 2,287
young adults (55% girls, 52% nonwhite). The sample in-
cluded a younger group (mean age 12.8�0.7 years at
baseline and 23.2�1.0 years at follow-up) and an older
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roup (mean age 15.9�0.8 at baseline and 26.2�0.9 years
t follow-up).
tatistical analyses performed Longitudinal trends in preva-
ence of behaviors were tested using generalized estimat-
ng equations. Tracking of behaviors were estimated us-
ng the relative risk of behaviors at follow-up given
resence at baseline.
esults In general, the prevalence of dieting and disordered
ating was high and remained constant, or increased, from
dolescence to young adulthood. Furthermore, behaviors
ended to track within individuals and, in general, partici-
ants who engaged in dieting and disordered eating behav-
ors during adolescence were at increased risk for these
ehaviors 10 years later. Tracking was particularly consis-
ent for the older girls and boys transitioning from middle
dolescence to middle young adulthood.
onclusions Study findings indicate that disordered eating
ehaviors are not just an adolescent problem, but con-
inue to be prevalent among young adults. The tracking
f dieting and disordered eating within individuals sug-
ests that early use is likely to set the stage for ongoing
se. Findings suggest a need for both early prevention
fforts before the onset of harmful behavioral patterns as
ell as ongoing prevention and treatment interventions

o address the high prevalence of disordered eating
hroughout adolescence and young adulthood.
Am Diet Assoc. 2011;111:1004-1011.

D ieting, unhealthy weight control practices, and
binge eating are often associated with poorer di-
etary intake (1-3). For example, in a population-

ased sample of Canadian adolescents, Woodruff and col-
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leagues (2) found that overall dietary quality was lower
among youth who were dieting and had weight concerns,
compared to those not dieting and not weight concerned.
Furthermore, dieting and disordered eating behaviors
have been found to predict a number of problematic out-
comes, including increased risk for weight gain (4-8),
obesity (6-8), and eating disorders (9-12) in adolescents
(4,6,7,12) and young adults (5,12,13). For example, in an
analysis from an earlier study wave on the population
participating in our study (8), we found that adolescents
engaging in dieting and those reporting unhealthy weight
control behaviors were at two to three times greater risk
for being overweight 5 years later, compared to adoles-
cents who did not engage in these behaviors at baseline.
Given the harmful consequences associated with disor-
dered eating behaviors, it is important to develop inter-
ventions aimed at their prevention.

A frequently asked question regards the best timing
for interventions aimed at preventing disordered eat-
ing. A high prevalence of disordered eating behaviors
during adolescence would support early prevention ef-
forts, with the goal of intervening before the onset of
these behaviors. If the prevalence of disordered eating
remains stable or increases as young people transition
throughout adolescence, then prevention efforts should
be continued throughout these life transitions. Al-
though cross-sectional studies have shown a high prev-
alence of disordered eating during early and middle
adolescence (14-16), longitudinal studies examining
the course of disordered eating from early adolescence
to young adulthood are limited in number and scope,
and findings have not been consistent, possibly due to
small samples and differences in participant character-
istics and study methodologies (13,17-22). Information
regarding whether or not disordered eating tracks
within individuals is also important in setting program
priorities. Most research suggests that disordered eat-
ing behaviors during early adolescence are predictive of
continued use of these behaviors, as well as progression
to a clinical eating disorder during later adolescence or
young adulthood (18,19,21-25). However, previous
studies have limited generalizability given that most
have been conducted within predominantly white sam-
ples (13,17,18,20,21) of women (19-23), primarily of
high socioeconomic status (21,22).

Our study expands upon the existing literature by
examining the prevalence and tracking of dieting and
disordered eating behaviors, including unhealthy
weight control behaviors, extreme weight control be-
haviors, and binge eating with loss of control, longitu-
dinally during a 10-year transitional period from ado-
lescence to young adulthood, in a large and diverse
population-based sample of young women and men.
The first aim of the study was to assess the prevalence
of dieting and disordered eating eating as adolescents
move into young adulthood. The second study aim was
to determine whether these behaviors track within in-
dividuals over time. Specifically, we examined whether
adolescents who diet and engage in disordered eating
behaviors are at increased risk for these behaviors in

young adulthood. i
ETHODS
tudy Design and Population
roject EAT-III (Eating and Activity in Teens and Young
dults) is a 10-year longitudinal study aimed at examin-

ng eating, activity, and weight-related variables among
oung people. The sample for our study included 1,030
oung men and 1,257 young women. One third of partic-
pants (29.9%) were in the younger cohort; at baseline
hey were in early adolescence (mean age 12.8�0.7
ears), and at 10-year follow-up they were in early young
dulthood (mean age 23.2�1.0 years). Two thirds of par-
icipants (70.1%) were in the older cohort; at baseline
hey were in middle adolescence (mean age 15.9�0.8
ears), and at follow-up they were in middle young adult-
ood (mean age 26.2�0.9 years).
At baseline (EAT-I: 1998-1999), 4,746 junior and senior

igh school students at 31 public schools in the Minne-
polis/St Paul, MN, metropolitan area completed in-class
urveys and anthropometric measures (15,26). At 10-year
ollow-up (EAT-III: 2008-2009) participants were mailed
etters inviting them to complete online or paper surveys.
ata were also collected at 5-year follow-up and longitu-
inal trends in weight control behaviors have previously
een described (27). The 5-year follow-up data are not
ncluded in this analysis to focus on long-term changes in
he prevalence and tracking of behavior patterns and
etermine whether behaviors begun in adolescence pre-
ict similar behaviors in young adulthood. All study pro-
ocols were approved by the University of Minnesota’s
nstitutional Review Board Human Subjects Committee.
arental consent and written assent from participants
as obtained at baseline. For follow-up surveys, partici-
ants reviewed a consent form as part of the online sur-
ey or were mailed a consent form with their paper sur-
ey. Completion of the Project EAT-III survey implied
ritten consent.
At 10-year follow-up, survey data were collected from

6.4% of those for whom correct contact information was
vailable, representing 48.2% of the original cohort, for a
nal sample of 2,287 young adults. Attrition was not
qual across sociodemographic characteristics. When
ompared to nonrespondents in Project EAT-III, respon-
ents were more likely to be girls, white, and of higher
ocioeconomic status (SES). Thus, in all analyses, we
eighted our data to allow for the longitudinal sample to
e more similar to the original cohort, and more repre-
entative of an adolescent/young adult population. Data
ere weighted using the response propensity method (28)
here the inverse of the estimated probability that an

ndividual responded at follow-up was used as the weight.
e compared responders at follow-up with nonre-

ponders for the variables being examined in this analy-
is (ie, dieting, unhealthy and extreme weight control
ehaviors, and binge eating with loss of control). These
omparison analyses were stratified by sex and adjusted
or SES, ethnicity/race, and nonresponse weights. In all
ut one case (responding boys reported lower extreme
eight control behaviors than nonresponders) there were
o significant differences found for the targeted variables
t baseline, indicating that the weighting was generally
uccessful in correcting for any response bias. The final
eighted sample was 48.4% white, 18.6% African Amer-
can, 19.6% Asian, 5.9% Hispanic, 3.3% Native American,
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and 4.2% mixed or other race/ethnicity and was well
distributed across five levels of SES: low (18.0%), middle-
low (19.0%), middle (26.2%), middle-high (23.3%) and
high (13.5%).

Measures
Dieting was assessed with the question, “How often have
you gone on a diet during the last year? By ‘diet’ we mean
changing the way you eat so you can lose weight.” Re-
sponses included “never,” “one to four times,” “five to 10
times,” “more than 10 times,” and “I am always dieting.”
As in previous analyses (8), responses were dichotomized
into nondieters (responded never) and dieters (other re-
sponses) (test–retest agreement [nondieter vs dieter]
92%).

Unhealthy and extreme weight control behaviors
were assessed with the question, “Have you done any of
the following things in order to lose weight or keep from
gaining weight during the past year?” (yes/no for each
method). Responses categorized as unhealthy weight
control behaviors included “fasted,” “ate very little
food,” “used a food substitute (powder or a special
drink),” “skipped meals,” and “smoked more ciga-
rettes.” Consistent with prior analyses (27), those re-
porting the use of one or more unhealthy weight control
behaviors were coded as using unhealthy weight con-
trol behaviors (test–retest agreement [none vs one or
more behaviors] 83%). Extreme weight control behav-
iors included took diet pills, made myself vomit, used
laxatives, and used diuretics. Those reporting the use
of one or more of these behaviors were coded as using
extreme weight control behaviors (test–retest agree-
ment [none vs one or more behaviors] 97%). Unhealthy
and extreme weight control behaviors were also exam-
ined individually.

Binge eating with loss of control was assessed with the
questions: “In the past year, have you ever eaten so much
food in a short period of time that you would be embar-
rassed if others saw you (binge eating)” (yes/no). “During
the times when you ate this way, did you feel you couldn’t
stop eating or control what or how much you were eating”
(yes/no) (29). Those reporting yes to both of these ques-
tions were coded as engaging in binge eating with loss of
control (test–retest agreement 92% [first question] and
84% [second question]).

Sex, age, race/ethnicity, and SES were based on self-
report. Participants were asked about their race/ethnicity
(test–retest ��0.70-0.83) as prior research has identified
acial/ethnic differences in weight-related variables
mong young people (5,30). The prime determinant of
ES was the higher education level of either parent (test–
etest ��0.78) during the administration of the Project

EAT-I survey (31).

Statistical Analysis
Longitudinal trends in the prevalence of different be-
haviors were estimated and tested using generalized
estimating equations (32) to account for correlation
within individuals across time. Specifically, for each
outcome, log binomial models (33) were used including

a main effect for year (1999 or 2010), cohort (younger or

1006 July 2011 Volume 111 Number 7
older), and a year by cohort interaction along with
control variables including baseline ethnicity/race and
SES and nonresponse weights. The time trends in each
cohort were tested based on these models by forming
contrasts combining the generalized estimating equa-
tion estimates of the main effect for year and the year
by cohort interaction. Regression-adjusted prevalences
of behaviors over time and by cohort were obtained
based on the fitted log binomial models using the pre-
dicted probability for a person with average values on
the control variables.

Tracking of behaviors within-person over time was
estimated and tested using log binomial models of fol-
low-up behaviors on baseline behaviors stratified by
cohort and sex and controlling for nonresponse weights.
Relative risks from these fitted models were used to
test tracking and represent how many times more
likely an individual was to be doing a behavior at
follow-up given that they were doing the behavior at
baseline. P values and 95% confidence intervals for
relative risks were calculated based on the likelihood
ratio test. SAS version 9.2 (2010, SAS Institute Inc,
Cary, NC) was used for all analyses.

RESULTS
Prevalence of Dieting and Disordered Eating: Adolescence to
Young Adulthood
About half of girls reported dieting in the past year as
compared to about a fourth of the boys. Among both age
cohorts of girls, the prevalence of dieting remained fairly
constant from adolescence through young adulthood (Fig-
ure 1). Among boys, the prevalence of dieting stayed
constant over time in the younger age cohort, but signif-
icantly increased in the older cohort as participants pro-
gressed from middle adolescence to middle young adult-
hood (21.9% to 27.9%, P�0.001).

In younger girls, the prevalence of unhealthy weight
control behaviors remained constant from early adoles-
cence to early young adulthood (Figure 1). Among older
girls, the prevalence of unhealthy weight control behav-
iors showed a statistically significant decrease from
middle adolescence to middle young adulthood, but still
remained very high (60.7% to 54.4%, P�0.004). Ap-
proximately one third of boys reported unhealthy
weight control behaviors, and the prevalence remained
fairly constant during the study period in both age
cohorts.

For extreme weight control behaviors, significant in-
creases from adolescence to young adulthood were found
in girls for both age cohorts and for the older cohort of boys
(Figure 1). Among girls, the use of extreme weight control
behaviors increased from 8.4% to 20.4% (P�0.001) between
arly adolescence and early young adulthood and from
2.6% to 20.6% (P�0.001) between middle adolescence

and middle young adulthood. For the older boys, extreme
weight control behaviors increased from 2.1% in middle
adolescence to 7.3% in middle young adulthood
(P�0.001).

Binge eating increased in the older cohorts of both
girls and boys (Figure 1). Among girls, the prevalence
increased from 9.9% during middle adolescence to

14.1% in middle young adulthood (P�0.012). Among



a
erPoin
boys, the prevalence of binge eating increased from
3.0% in middle adolescence to 5.9% in middle young
adulthood (P�0.020). Increases in binge eating among
the younger cohorts of boys and girls were not statis-
tically significant.

An examination of the specific types of extreme weight
control behaviors revealed significant increases in diet
pill use for all age and sex groups over the 10-year study
period (see Figure 2). Among girls, diet pill use increased
from 3.3% to 12.4% (P�0.001) between early adolescence
and early young adulthood and from 6.5% to 16.1%
(P�0.001) between middle adolescence and middle young
adulthood. For boys, diet pill use increased from 0.6% to
3.8% (P�0.017) between early adolescence and early
young adulthood and from 1.1% to 6.6% (P�0.001) be-
tween middle adolescence and middle young adulthood.
Laxative use increased from 1.3% among girls in middle

Figure 1. Prevalences of dieting, unhealthy and extreme weight contro
dulthood, by age cohort and sex, adjusted for socioeconomic status a

this figure is available online at www.adajournal.org as part of a Pow
adolescence to 4.8% among girls in middle young adult-
hood (P�0.001). In contrast, vomiting decreased from
6.8% during middle adolescence to 4.0% in middle young
adulthood (P�0.010) among the older cohort of girls.
Changes in diuretics were not statistically significant.

Tracking of Dieting and Disordered Eating from Adolescence to
Young Adulthood
Dieting and disordered eating tended to track from ado-
lescence to young adulthood, particularly among the older
cohorts of girls and boys transitioning from middle ado-
lescence to middle young adulthood (see the Table). Girls
and boys from both age cohorts who dieted in adolescence
were significantly more likely to diet in young adulthood,
compared to those who didn’t diet during adolescence.
Similarly, adolescents from all four age and sex groups
who used unhealthy weight control behaviors in adoles-

viors, and binge eating with loss of control from adolescence to young
thnicity/race. P values test change over time. NOTE: Information from
t presentation.
l beha
nd e
cence were at significantly greater risk for these behav-

July 2011 ● Journal of the AMERICAN DIETETIC ASSOCIATION 1007

http://www.adajournal.org


w
t
w
d
h
t
a
t
u
i
e
t
n
b
w
t
a

iors in young adulthood. Use of extreme weight control
behaviors during middle adolescence predicted greater
risk for these behaviors 10 years later during middle
young adulthood for the older cohorts of girls and boys.
Finally, binge eating during adolescence increased risk
for binge eating during young adulthood for the older
cohorts of girls and boys and for the younger girls.

DISCUSSION
This study found that, in general, the prevalence of diet-
ing and disordered eating behaviors was high and either
remained constant or increased from adolescence to
young adulthood. Of particular concern was the large
increase in extreme weight control behaviors among
youth transitioning from adolescence to young adulthood.
Diet pill use more than tripled in most of the age and sex
groups during the 10-year study period. Of concern, one

Figure 2. Prevalences of specific extreme weight control behaviors f
socioeconomic status and ethnicity/race. P values test change ove
adajournal.org as part of a PowerPoint presentation.
fifth of female young adults reported the use of extreme

1008 July 2011 Volume 111 Number 7
eight control behaviors. Furthermore, behaviors tended
o track within individuals and, in general, participants
ho engaged in dieting and disordered eating behaviors
uring adolescence were at increased risk for these be-
aviors 10 years later. Tracking was particularly consis-
ent for the older girls and boys transitioning from middle
dolescence to middle young adulthood. The tracking of
hese potentially harmful behaviors suggests that their
se is not just a phase that adolescents go through, but

nstead indicate that early use of dieting and disordered
ating behaviors may set the stage for continued use of
hese behaviors later on. Together the findings suggest a
eed for both early prevention efforts before the onset of
ehavioral patterns that tend to continue over time, as
ell as ongoing prevention and treatment interventions

o address the high prevalence throughout adolescence
nd young adulthood.

dolescence to young adulthood, by age cohort and sex, adjusted for
e. NOTE: Information from this figure is available online at www.
rom a
r tim
Findings from this study are generally in agreement
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with the available research that has examined popula-
tion-based samples of boys and girls from adolescence
through young adulthood, although there are some nota-
ble differences. Results from this study showing sex dif-
ferences in the course of disordered eating behaviors are
in agreement with a prior 10-year longitudinal study
conducted by Heatherton and colleagues among young
people who were college students in 1982 (13). Both stud-
ies showed dieting and disordered eating behaviors con-
tinue to be more prevalent among girls than boys as they
transition through adolescence and young adulthood. In
addition, both studies found evidence of increases in di-
eting among boys as they age through their 20s. However,
Heatherton and colleagues (13) found that dieting and
disordered eating behaviors decreased among females
transitioning to middle young adulthood, whereas in our
study, the prevalence of these behaviors either increased
or remained constant over time. These differences might
reflect the use of different measures, secular trends, or
real differences between the two sample populations.
Heatherton and colleagues (13) conducted their baseline
analysis on college students in 1982, nearly 30 years ago,
thus secular changes are certainly possible. Furthermore,
the sample studied by Heatherton and colleagues (13)
was drawn from a selective northeastern college in the
United States, and had much higher levels of dieting at
baseline (75%) than the Project EAT population (50%).
With regard to the tracking of behaviors, Kotler and
colleagues (18) examined longitudinal relationships be-
tween childhood, adolescent, and adulthood eating disor-
ders over a 17-year interval. Their study population dif-
fered from the Project EAT population in that parti-
cipants were drawn from a rural area and were primarily
white. In addition, outcome measures differed across the
studies. Nevertheless, findings from both studies are sim-
ilar in showing that disordered eating behaviors tend to
track between adolescence and adulthood.

Study strengths include the population-based nature of
the sample; its large size; and its diversity in terms of sex,
ethnicity/race, and SES. Much of the previous longitudi-
nal work examining the course of disordered eating or
eating disorders have included samples that were either
female (19-23), primarily white (13,17,18,20,21), or from
higher SES backgrounds (21,22), limiting the generaliz-
ability of the findings. The long follow-up period, which
captured major periods of transition, is another study
strength as few other studies have followed adolescents
into middle young adulthood. Finally, the use of two age
cohorts allowed for the capturing of slightly different
stages of transition and for the replication of findings in
different individuals. However, study limitations also
need to be taken into account in interpreting the findings.
Dieting and disordered eating behaviors were assessed
with brief self-reported measures and frequency of use of
behaviors was not assessed. The use of diet pills once
during the past year, while of concern, is less of a concern
than the weekly use of diet pills. In addition, there was
attrition from the original study population. For this rea-
son, analyses only included individuals who were present
at both EAT-I and EAT-III assessments, and the popula-
tion was weighted by nonresponse propensity so that the
statistical results can be considered more representative

of the original school-based sample.

T B D U E B a R N
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CONCLUSIONS
The ineffectiveness of dieting for weight gain prevention
during adolescence (4-8), the harmful consequences asso-
ciated with disordered eating behaviors (19,34-37), and
the high prevalence of these behaviors during adoles-
cence (21,38-40) have been shown in previous studies.
This study adds to this concerning body of literature by
demonstrating that the high prevalence of these behav-
iors continues from adolescence through young adult-
hood. Furthermore, individuals who begin these behav-
iors during adolescence are placing themselves at
increased risk for their continued use 10 years later.
Further research should explore tracking of dieting and
disordered eating from adolescence to later stages of
adulthood. Research with population-based samples is
also needed to identify factors that predict continued use
of these behaviors and progression to more serious out-
comes such as eating disorders. It is also important to
examine the effects of persistent use of dieting and dis-
ordered eating behaviors on behavioral, physical, and
psychological outcomes such as binge eating, weight sta-
tus, and depression. Finally, it is crucial to implement
and evaluate interventions. Findings from this study, in
conjunction with previous studies, argue for early and
ongoing efforts aimed at the prevention, early identifica-
tion, and treatment of disordered eating behaviors in
young people. Within clinical practices, dietetics practi-
tioners and other health care providers should be asking
about the use of these behaviors before adolescence,
throughout adolescence, and into young adulthood. Given
the growing concern about obesity, it is important to let
young people know that dieting and disordered eating
behaviors can be counterproductive to weight manage-
ment (4-8). Young people concerned about their weight
should be provided with support for healthful eating and
physical activity behaviors that can be implemented on a
long-term basis, and should be steered away from the use
of unhealthy weight control practices.
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This is the fourth report from the National
High Blood Pressure Education Program
(NHBPEP) Working Group on Children 
and Adolescents; it updates the previous pub-
lication, Update on the Task Force Report
(1987) on High Blood Pressure in Children
and Adolescents (Pediatrics. 1996;98:649–58).
The purpose of this report is to update clini-
cians on the latest recommendations
concerning the diagnosis, evaluation, and
treatment of hypertension in children; recom-
mendations are based on English-language,
peer-reviewed, scientific evidence (from 1997
to 2004) and the consensus expert opinion of
the NHBPEP Working Group.

This report includes new data from the
1999–2000 National Health and Nutrition
Examination Survey (NHANES), as well as
revised blood pressure (BP) tables that include
the 50th, 90th, 95th, and 99th percentiles by
sex, age, and height. Hypertension in children
and adolescents continues to be defined as
systolic BP (SBP) and/or diastolic BP (DBP)
that is, on repeated measurement, at or above
the 95th percentile for sex, age, and height.
BP between the 90th and 95th percentile in
childhood is now termed “prehypertension”
and is an indication for lifestyle modifications.
New guidelines are provided for the staging of
hypertension in children and adolescents, as
well as updated recommendations for diag-
nostic evaluation of hypertensive children.
In addition, the report evaluates the evidence
of early target-organ damage in children and

adolescents with hypertension; provides the
rationale for early identification and treat-
ment; and provides revised recommendations,
based on recent studies, for the use of antihy-
pertensive drug therapy. Treatment recom-
mendations also include updated evaluation
of nonpharmacologic therapies to reduce
additional cardiovascular risk factors. The
report describes how to identify hypertensive
children who need additional evaluation for
sleep disorders that may be associated with
BP elevation.

Dr. Bonita Falkner has our deep appreciation
for leading the members of the NHBPEP
Working Group in developing this new report.
Dr. Falkner and the Working Group per-
formed diligently and brilliantly to assemble
this document in a timely manner. Applying
these recommendations to clinical practice will
address the important public health issue of
improving inadequate BP control.

Barbara M. Alving, M.D.
Acting Director

National Heart, Lung, and Blood Institute

and

Chair

National High Blood Pressure Education Program

Coordinating Committee
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1Introduction

Introduction

Considerable advances have been made in
detection, evaluation, and management of
high blood pressure, or hypertension, in chil-
dren and adolescents. Because of the
development of a large national database 
on normative blood pressure (BP) levels
throughout childhood, the ability to identify
children who have abnormally elevated BP
has improved. On the basis of developing 
evidence, it is now apparent that primary
hypertension is detectable in the young and
occurs commonly. The long-term health risks
for hypertensive children and adolescents can
be substantial; therefore, it is important that
clinical measures be taken to reduce these
risks and optimize health outcomes.

The purpose of this report is to update clini-
cians on the latest scientific evidence
regarding BP in children and to provide rec-
ommendations for diagnosis, evaluation, and
treatment of hypertension based on available
evidence and consensus expert opinion of the
Working Group when evidence was lacking.
This publication is the fourth report from the
National High Blood Pressure Education
Program (NHBPEP) Working Group on
Children and Adolescents and updates the
previous 1996 publication, Update on the
Task Force Report (1987) on High Blood
Pressure in Children and Adolescents.1

This report includes the following information:
■ New data, from the 1999–2000 National

Health and Nutrition Examination Survey
(NHANES), have been added to the child-

hood BP database, and the BP data have
been reexamined. The revised BP tables
now include the 50th, 90th, 95th, and
99th percentiles by sex, age, and height.

■ Hypertension in children and adolescents
continues to be defined as systolic BP (SBP)
and/or diastolic BP (DBP) that is, on
repeated measurement, at or above the 95th
percentile. BP between the 90th and 95th
percentile in childhood had been designated
“high normal.”  To be consistent with the
Seventh Report of the Joint National
Committee on the Prevention, Detection,
Evaluation, and Treatment of High Blood
Pressure (JNC 7), this level of BP will now
be termed “prehypertensive” and is an indi-
cation for lifestyle modifications.2

■ The evidence of early target-organ damage
in children and adolescents with hyperten-
sion is evaluated, and the rationale for early
identification and treatment is provided.

■ Based on recent studies, revised recommen-
dations for use of antihypertensive drug
therapy are provided.

■ Treatment recommendations include
updated evaluation of nonpharmacologic
therapies to reduce additional cardiovas-
cular risk factors.

■ Information is included on the identification
of hypertensive children who need addi-
tional evaluation for sleep disorders.





3Methods

Methods

In response to the request of the NHBPEP
Chair and Director of the National Heart,
Lung, and Blood Institute (NHLBI) regarding
the need to update the JNC 7 report,2 some
NHBPEP Coordinating Committee members
suggested that the NHBPEP Working Group
Report on Hypertension in Children and
Adolescents should be revisited. Thereafter,
the NHLBI Director directed the NHLBI staff
to examine issues that might warrant a new
report on children. Several prominent clini-
cians and scholars were asked to develop
background manuscripts on selected issues
related to hypertension in children and ado-
lescents. Their manuscripts synthesized the
available scientific evidence. During the
spring and summer of 2002, NHLBI staff and
the chair of the 1996 NHBPEP Working
Group report on hypertension in children and
adolescents reviewed the scientific issues
addressed in the background manuscripts as
well as contemporary policy issues. Sub-
sequently, the staff noted that a critical mass
of new information had been identified, thus
warranting the appointment of a panel to
update the earlier NHBPEP Working Group
Report. The NHLBI Director appointed the
authors of the background papers and other
national experts to serve on the new panel.
The chair and NHLBI staff developed a
report outline and timeline to complete the
work in 5 months.

The background papers served as focal points
for review of the scientific evidence at the first
meeting. The members of the Working Group
were assembled into teams, and each team
prepared specific sections of the report. In
developing the focus of each section, the
Working Group was asked to consider the
peer-reviewed scientific literature published in
English since 1997. The scientific evidence
was classified by the system used in the
JNC 7.2 The chair assembled the sections
submitted by each team into the first draft of
the report. The draft report was distributed
to the Working Group for review and com-
ment. These comments were assembled and
used to create the second draft. A subsequent
onsite meeting of the Working Group was
conducted to discuss further revisions and the
development of the third draft document.
Amended sections were reviewed, critiqued,
and incorporated into the third draft. After
editing by the chair for internal consistency,
the fourth draft was created. The Working
Group reviewed this draft, and conference
calls were conducted to resolve any remaining
issues that were identified. When the Working
Group approved the final document, it was
distributed to the Coordinating Committee
for review.

3
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Definition of Hypertension

The definition of hypertension in children and
adolescents is based on the normative distri-
bution of BP in healthy children. Normal BP
is defined as SBP and DBP that is less than the
90th percentile for sex, age, and height.
Hypertension is defined as average SBP or
DBP that is greater than or equal to the
95th percentile for sex, age, and height on at
least three separate occasions. Average SBP or
DBP levels that are greater than or equal to
the 90th percentile, but less than the 95th per-
centile, had been designated as “high normal”
and were considered to be an indication of
heightened risk for developing hypertension.
This designation is consistent with the
description of “prehypertension” in adults.
The JNC 7 Committee now defines prehyper-

tension as a BP level that is equal to or greater
than 120/80 mmHg and recommends the
application of preventive health-related
behaviors, or therapeutic lifestyle changes, 
for individuals having SBP levels that exceed
120 mmHg.2 It is now recommended that, 
as with adults, children and adolescents with
BP levels at 120/80 mmHg or above, but less
than the 95th percentile, should be considered
prehypertensive.

The term white-coat hypertension defines a
clinical condition in which the patient has BP
levels that are above the 95th percentile when
measured in a physician’s office or clinic,
whereas the patient’s average BP is below the
90th percentile outside of a clinical setting.

■ Hypertension is defined as average SBP and/or DBP that is greater than or equal 

to the 95th percentile for sex, age, and height on three or more occasions.

■ Prehypertension in children is defined as average SBP or DBP levels that are greater 

than or equal to the 90th percentile, but less than the 95th percentile.

■ As with adults, adolescents with BP levels greater than or equal to 120/80 mmHg 

should be considered prehypertensive.

■ A patient with BP levels above the 95th percentile in a physician’s office or clinic, 

who is normotensive outside a clinical setting, has white-coat hypertension.

Ambulatory BP monitoring (ABPM) is usually required to make this diagnosis.
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Measurement of 
Blood Pressure in Children

Children over the age of 3 years who are seen
in medical care settings should have their BP
measured at least once during every health
care episode. Children under age 3 should
have their BP measured in special circum-
stances. (See table 1.)

The BP tables are based on auscultatory
measurements; therefore, the preferred
method of measurement is auscultation.
As discussed below, oscillometric devices are
convenient and minimize observer error, but
they do not provide measures that are iden-
tical to auscultation. To confirm hypertension,
the BP in children should be measured with a
standard clinical sphygmomanometer, using a
stethoscope placed over the brachial artery
pulse, proximal and medial to the cubital
fossa, and below the bottom edge of the cuff
(i.e., about 2 cm above the cubital fossa). The
use of the bell of the stethoscope may allow
softer Korotkoff sounds to be heard better.3,4

The use of an appropriately sized cuff may
preclude the placement of the stethoscope 
in this precise location, but there is little 
evidence that significant inaccuracy is intro-
duced, either if the head of the stethoscope 
is slightly out of position or if there is contact
between the cuff and the stethoscope. Prep-
aration of the child for standard measurement
can affect the BP level just as much as 

technique.5 Ideally, the child whose BP is to
be measured should have avoided stimulant
drugs or foods, have been sitting quietly for
5 minutes, and seated with his or her back
supported, feet on the floor and right arm
supported, cubital fossa at heart level.6,7 The
right arm is preferred in repeated measures of
BP for consistency and comparison to stan-
dard tables and because of the possibility of

■ Children >3 years old who are seen in a medical setting should have their BP 

measured.

■ The preferred method of BP measurement is auscultation.

■ Correct measurement requires a cuff that is appropriate to the size of the child’s

upper arm.

■ Elevated BP must be confirmed on repeated visits before characterizing a child 

as having hypertension.

■ Measures obtained by oscillometric devices that exceed the 90th percentile should 

be repeated by auscultation.

Conditions Under Which Children 
<3 Years Old Should Have Blood 
Pressure Measured

■ History of prematurity, very low 
birthweight, or other neonatal complication
requiring intensive care

■ Congenital heart disease (repaired or 
nonrepaired)

■ Recurrent urinary tract infections, 
hematuria, or proteinuria

■ Known renal disease or urologic 
malformations

■ Family history of congenital renal disease
■ Solid organ transplant
■ Malignancy or bone marrow transplant
■ Treatment with drugs known to raise BP
■ Other systemic illnesses associated with 

hypertension (neurofibromatosis, tuberous 
sclerosis, etc.)

■ Evidence of elevated intracranial pressure

T A B L E  1



coarctation of the aorta, which might lead to
false (low) readings in the left arm.8

Correct measurement of BP in children
requires use of a cuff that is appropriate to
the size of the child’s upper right arm. The
equipment necessary to measure BP in chil-
dren, ages 3 through adolescence, includes
child cuffs of different sizes and must also
include a standard adult cuff, a large adult
cuff, and a thigh cuff. The latter two cuffs
may be needed for use in adolescents.

By convention, an appropriate cuff size is a
cuff with an inflatable bladder width that is at
least 40 percent of the arm circumference at a
point midway between the olecranon and the
acromion. (See www.americanheart.org/pre-
senter.jhtml?identifier=576.)9,10 For such a
cuff to be optimal for an arm, the cuff
bladder length should cover 80–100 percent
of the circumference of the arm.1,11 Such a
requirement demands that the bladder width-
to-length ratio be at least 1:2. Not all
commercially available cuffs are manufac-
tured with this ratio. Additionally, cuffs
labeled for certain age populations (e.g.,
infant cuffs, child cuffs) are constructed with
widely disparate dimensions. Accordingly, the
Working Group recommends that standard
cuff dimensions for children be adopted. (See
table 2.) BP measurements are overestimated
to a greater degree with a cuff that is too
small than they are underestimated by a cuff
that is too large. If a cuff is too small, the

next largest cuff should be used, even if it
appears large. If the appropriate cuffs are
used, the cuff size effect is obviated.12

SBP is determined by the onset of the “tap-
ping” Korotkoff sounds (K1). Population
data in children1 and risk-associated epidemi-
ological data in adults13 have established the
fifth Korotkoff sound (K5), or the disappear-
ance of Korotkoff sounds, as the definition of
DBP. In some children, Korotkoff sounds can
be heard to 0 mmHg. Under these circum-
stances, the BP measurement should be
repeated with less pressure on the head of the
stethoscope.4 Only if the very low K5 persists
should K4 (muffling of the sounds) be
recorded as the DBP.

The standard device for BP measurements has
been the mercury manometer.14 Because of its
environmental toxicity, mercury has been
increasingly removed from health care set-
tings. Aneroid manometers are quite accurate
when calibrated on a semiannual basis15 and
are recommended when mercury-column
devices cannot be obtained.

Auscultation remains the recommended
method of BP measurement in children, under
most circumstances. Oscillometric devices
measure mean arterial BP and then calculate
systolic and diastolic values.16 The algorithms
used by companies are proprietary and differ
from company to company and device to
device. These devices can yield results that

6 The Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents

Recommended Dimensions for Blood Pressure Cuff Bladders

Age Range

Newborn 

Infant 

Child 

Small adult 

Adult

Large adult 

Thigh 

Width (cm)

4

6

9

10

13

16

20

Length (cm)

8

12

18

24

30

38

42

Maximum Arm
Circumference (cm)*

10

15

22

26

34

44

52

* Calculated so that the largest arm would still allow bladder to encircle arm by at least 80 percent.
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vary widely when one is compared with
another,17 and they do not always closely
match BP values obtained by auscultation.18

Oscillometric devices must be validated on a
regular basis. Protocols for validation have
been developed,19,20 but the validation process
is very difficult.

Two advantages of automatic devices are their
ease of use and the minimization of observer
bias or digit preference.16 Use of the auto-
mated devices is preferred for BP measurement
in newborns and young infants, in whom 
auscultation is difficult, and in the intensive
care setting where frequent BP measurement
is needed. An elevated BP reading obtained
with an oscillometric device should be
repeated using auscultation.

Elevated BP must be confirmed on repeated
visits before characterizing a child as having
hypertension. Confirming an elevated BP
measurement is important, because BP at high
levels tends to fall on subsequent measure-
ment as the result of (1) an accommodation
effect (i.e., reduction of anxiety by the patient
from one visit to the next), and (2) regression
to the mean. BP level is not static but varies
even under standard resting conditions.
Therefore, except in the presence of severe
hypertension, a more precise characterization
of a person’s BP level is an average of multiple
BP measurements taken over weeks to months.

A M B U L A T O R Y  B L O O D

P R E S S U R E  M O N I T O R I N G

Ambulatory BP monitoring (ABPM) refers to
a procedure in which a portable BP device,
worn by the patient, records BP over a speci-
fied period, usually 24 hours. ABPM is very
useful in the evaluation of hypertension in
children.21–23 By frequent measurement and
recording of BP, ABPM enables computation
of the mean BP during the day, night, and
over 24 hours as well as various measures to
determine the degree to which BP exceeds the
upper limit of normal over a given time
period (i.e., the BP load). ABPM is especially
helpful in the evaluation of white-coat hyper-
tension, as well as the risk for hypertensive
organ injury, apparent drug resistance, and
hypotensive symptoms with antihypertensive
drugs. ABPM is also useful for evaluating
patients for whom more information on BP
patterns is needed, such as those with episodic
hypertension, chronic kidney disease, diabetes,
and autonomic dysfunction. Conducting
ABPM requires specific equipment and trained
staff. Therefore, ABPM in children and ado-
lescents should be used by experts in the field
of pediatric hypertension who are experienced
in its use and interpretation.

7Measurement of Blood Pressure in Children
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Blood Pressure Tables

In children and adolescents, the normal range
of BP is determined by body size and age.
BP standards that are based on sex, age, and
height provide a more precise classification 
of BP according to body size. This approach
avoids misclassifying children who are very
tall or very short.

The BP tables are revised to include the 
new height percentile data (www.cdc.gov/
growthcharts/)24 as well as the addition of BP
data from the NHANES 1999–2000. Demo-
graphic information on the source of the BP
data is provided in appendix A. The 50th,
90th, 95th, and 99th percentiles of SBP and
DBP (using K5) for height by sex and age are
given for boys and girls in tables 3 and 4.
Although new data have been added, the sex,
age, and height BP levels for the 90th and
95th percentiles have changed minimally from
the last report. The 50th percentile has been
added to the tables to provide the clinician
with the BP level at the midpoint of the
normal range. Although the 95th percentile
provides a BP level that defines hypertension,
management decisions about children with
hypertension should be determined by the
degree or severity of hypertension. Therefore,
the 99th percentile has been added to facili-
tate clinical decisionmaking in the plan for
evaluation. Standards for SBP and DBP for
infants younger than 1 year are available.25

In children younger than 1 year, SBP has been
used to define hypertension.

To use the tables in a clinical setting, the
height percentile is determined by using the

newly revised CDC Growth Charts
(www.cdc.gov/growthcharts/). The child’s
measured SBP and DBP are compared with
the numbers provided in the table (boys or
girls) according to the child’s age and height
percentile. The child is normotensive if the 
BP is below the 90th percentile. If the BP is
equal to or above the 90th percentile, the BP
measurement should be repeated at that visit
to verify an elevated BP. BP measurements
between the 90th and 95th percentiles indi-
cate prehypertension and warrant reassessment
and consideration of other risk factors. (See
table 5.) In addition, if an adolescent’s BP is
greater than 120/80 mmHg, the patient
should be considered to be prehypertensive
even if this value is less than the 90th per-
centile. This BP level typically occurs for SBP
at age 12 years and for DBP at age 16 years.

If the child’s BP (systolic or diastolic) is at or
above the 95th percentile, the child may be
hypertensive, and the measurement must be
repeated on at least two additional occasions
to confirm the diagnosis. Staging of BP,
according to the extent to which a child’s BP
exceeds the 95th percentile, is helpful in devel-
oping a management plan for evaluation and
treatment that is most appropriate for an indi-
vidual patient. On repeated measurement,
hypertensive children may have BP levels that
are only a few mmHg above the 95th per-
centile; these children would be managed
differently from hypertensive children who
have BP levels that are 15–20 mmHg above
the 95th percentile. An important clinical
decision is to determine which hypertensive

■ BP standards based on sex, age, and height provide a precise classification 

of BP according to body size.

■ The revised BP tables now include the 50th, 90th, 95th, and 99th percentiles 

(with standard deviations) by sex, age, and height.



children require more immediate attention for
elevated BP. The difference between the 95th
and 99th percentiles is only 7–10 mmHg and
is not large enough, particularly in view of the
variability in BP measurements, to adequately
distinguish mild hypertension—where limited
evaluation is most appropriate—from more
severe hypertension where more immediate
and extensive intervention is indicated.
Therefore, Stage 1 hypertension is the designa-
tion for BP levels that range from the 95th
percentile to 5 mmHg above the 99th per-
centile. Stage 2 hypertension is the designation
for BP levels that are higher than 5 mmHg
above the 99th percentile. Once confirmed 
on repeated measures, Stage 1 hypertension
allows time for evaluation before initiating
treatment unless the patient is symptomatic.
Patients with Stage 2 hypertension may need
more prompt evaluation and pharmacologic
therapy. Symptomatic patients with Stage 2
hypertension require immediate treatment and
consultation with experts in pediatric hyper-
tension. These categories are parallel to the
staging of hypertension in adults, as noted in
JNC 7.2

U S I N G  T H E  B L O O D

P R E S S U R E  T A B L E S

1. Use the standard height charts to determine
the height percentile.

2. Measure and record the child’s SBP 
and DBP.

3. Use the correct gender table for SBP 
and DBP.

4. Find the child’s age on the left side of the
table. Follow the age row horizontally
across the table to the intersection of the
line for the height percentile (vertical
column).

5. There, find the 50th, 90th, 95th, and 99th
percentiles for SBP in the left columns and
for DBP in the right columns.

■ BP less than the 90th percentile is normal.

■ BP between the 90th and 95th percentile 
is prehypertension. In adolescents, BP 
equal to or exceeding 120/80 mmHg is 
prehypertension, even if this figure is less 
than the 90th percentile.

■ BP greater than the 95th percentile may 
be hypertension.

6. If the BP is greater than the 90th percentile,
the BP should be repeated twice at the
same office visit, and an average SBP and
DBP should be used.

7. If the BP is greater than the 95th percentile,
BP should be staged. If Stage 1 (95th 
percentile to the 99th percentile plus
5 mmHg), BP measurements should be
repeated on two more occasions. If hyper-
tension is confirmed, evaluation should
proceed as described in table 7. If BP is
Stage 2 (>99th percentile plus 5 mmHg),
prompt referral should be made for 
evaluation and therapy. If the patient is
symptomatic, immediate referral and treat-
ment are indicated. Those patients with a
compelling indication, as noted in table 6,
would be treated as the next higher cate-
gory of hypertension.

9Blood Pressure Tables
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Systolic BP (mmHg)

←← Percentile of Height →→

Blood Pressure Levels for Boys by Age and Height Percentile*

T A B L E  3

Age BP
(Year) Percentile

↓↓

Diastolic BP (mmHg)

←← Percentile of Height →→

5th 10th 25th 50th 75th 90th 95th 5th 10th 25th 50th 75th 90th 95th

1 50th 80 81 83 85 87 88 89 34 35 36 37 38 39 39

90th 94 95 97 99 100 102 103 49 50 51 52 53 53 54

95th 98 99 101 103 104 106 106 54 54 55 56 57 58 58

99th 105 106 108 110 112 113 114 61 62 63 64 65 66 66

2 50th 84 85 87 88 90 92 92 39 40 41 42 43 44 44

90th 97 99 100 102 104 105 106 54 55 56 57 58 58 59

95th 101 102 104 106 108 109 110 59 59 60 61 62 63 63

99th 109 110 111 113 115 117 117 66 67 68 69 70 71 71

3 50th 86 87 89 91 93 94 95 44 44 45 46 47 48 48

90th 100 101 103 105 107 108 109 59 59 60 61 62 63 63

95th 104 105 107 109 110 112 113 63 63 64 65 66 67 67

99th 111 112 114 116 118 119 120 71 71 72 73 74 75 75

4 50th 88 89 91 93 95 96 97 47 48 49 50 51 51 52

90th 102 103 105 107 109 110 111 62 63 64 65 66 66 67

95th 106 107 109 111 112 114 115 66 67 68 69 70 71 71

99th 113 114 116 118 120 121 122 74 75 76 77 78 78 79

5 50th 90 91 93 95 96 98 98 50 51 52 53 54 55 55

90th 104 105 106 108 110 111 112 65 66 67 68 69 69 70

95th 108 109 110 112 114 115 116 69 70 71 72 73 74 74

99th 115 116 118 120 121 123 123 77 78 79 80 81 81 82

6 50th 91 92 94 96 98 99 100 53 53 54 55 56 57 57

90th 105 106 108 110 111 113 113 68 68 69 70 71 72 72

95th 109 110 112 114 115 117 117 72 72 73 74 75 76 76

99th 116 117 119 121 123 124 125 80 80 81 82 83 84 84

7 50th 92 94 95 97 99 100 101 55 55 56 57 58 59 59

90th 106 107 109 111 113 114 115 70 70 71 72 73 74 74

95th 110 111 113 115 117 118 119 74 74 75 76 77 78 78

99th 117 118 120 122 124 125 126 82 82 83 84 85 86 86

8 50th 94 95 97 99 100 102 102 56 57 58 59 60 60 61

90th 107 109 110 112 114 115 116 71 72 72 73 74 75 76

95th 111 112 114 116 118 119 120 75 76 77 78 79 79 80

99th 119 120 122 123 125 127 127 83 84 85 86 87 87 88

9 50th 95 96 98 100 102 103 104 57 58 59 60 61 61 62

90th 109 110 112 114 115 117 118 72 73 74 75 76 76 77

95th 113 114 116 118 119 121 121 76 77 78 79 80 81 81

99th 120 121 123 125 127 128 129 84 85 86 87 88 88 89

10 50th 97 98 100 102 103 105 106 58 59 60 61 61 62 63

90th 111 112 114 115 117 119 119 73 73 74 75 76 77 78

95th 115 116 117 119 121 122 123 77 78 79 80 81 81 82

99th 122 123 125 127 128 130 130 85 86 86 88 88 89 90



11Blood Pressure Tables

Systolic BP (mmHg)

←← Percentile of Height →→
Age BP

(Year) Percentile
↓↓

Diastolic BP (mmHg)

←← Percentile of Height →→

5th 10th 25th 50th 75th 90th 95th 5th 10th 25th 50th 75th 90th 95th

11 50th 99 100 102 104 105 107 107 59 59 60 61 62 63 63

90th 113 114 115 117 119 120 121 74 74 75 76 77 78 78

95th 117 118 119 121 123 124 125 78 78 79 80 81 82 82

99th 124 125 127 129 130 132 132 86 86 87 88 89 90 90

12 50th 101 102 104 106 108 109 110 59 60 61 62 63 63 64

90th 115 116 118 120 121 123 123 74 75 75 76 77 78 79

95th 119 120 122 123 125 127 127 78 79 80 81 82 82 83

99th 126 127 129 131 133 134 135 86 87 88 89 90 90 91

13 50th 104 105 106 108 110 111 112 60 60 61 62 63 64 64

90th 117 118 120 122 124 125 126 75 75 76 77 78 79 79

95th 121 122 124 126 128 129 130 79 79 80 81 82 83 83

99th 128 130 131 133 135 136 137 87 87 88 89 90 91 91

14 50th 106 107 109 111 113 114 115 60 61 62 63 64 65 65

90th 120 121 123 125 126 128 128 75 76 77 78 79 79 80

95th 124 125 127 128 130 132 132 80 80 81 82 83 84 84

99th 131 132 134 136 138 139 140 87 88 89 90 91 92 92

15 50th 109 110 112 113 115 117 117 61 62 63 64 65 66 66

90th 122 124 125 127 129 130 131 76 77 78 79 80 80 81

95th 126 127 129 131 133 134 135 81 81 82 83 84 85 85

99th 134 135 136 138 140 142 142 88 89 90 91 92 93 93

16 50th 111 112 114 116 118 119 120 63 63 64 65 66 67 67

90th 125 126 128 130 131 133 134 78 78 79 80 81 82 82

95th 129 130 132 134 135 137 137 82 83 83 84 85 86 87

99th 136 137 139 141 143 144 145 90 90 91 92 93 94 94

17 50th 114 115 116 118 120 121 122 65 66 66 67 68 69 70

90th 127 128 130 132 134 135 136 80 80 81 82 83 84 84

95th 131 132 134 136 138 139 140 84 85 86 87 87 88 89

99th 139 140 141 143 145 146 147 92 93 93 94 95 96 97

BP, blood pressure

* The 90th percentile is 1.28 SD, 95th percentile is 1.645 SD, and the 99th percentile is 2.326 SD over the mean. For research purposes,

the standard deviations in appendix table B–1 allow one to compute BP Z-scores and percentiles for boys with height percentiles given

in table 3 (i.e., the 5th, 10th, 25th, 50th, 75th, 90th, and 95th percentiles). These height percentiles must be converted to height 

Z-scores given by (5% = -1.645; 10% = -1.28; 25% = -0.68; 50% = 0; 75% = 0.68; 90% = 1.28; 95% = 1.645) and then computed

according to the methodology in steps 2–4 described in appendix B. For children with height percentiles other than these, follow steps

1–4 as described in appendix B.
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Systolic BP (mmHg)

←← Percentile of Height →→

Blood Pressure Levels for Girls by Age and Height Percentile*

T A B L E  4

Age BP
(Year) Percentile

↓↓

Diastolic BP (mmHg)

←← Percentile of Height →→

5th 10th 25th 50th 75th 90th 95th 5th 10th 25th 50th 75th 90th 95th

1 50th 83 84 85 86 88 89 90 38 39 39 40 41 41 42

90th 97 97 98 100 101 102 103 52 53 53 54 55 55 56

95th 100 101 102 104 105 106 107 56 57 57 58 59 59 60

99th 108 108 109 111 112 113 114 64 64 65 65 66 67 67

2 50th 85 85 87 88 89 91 91 43 44 44 45 46 46 47

90th 98 99 100 101 103 104 105 57 58 58 59 60 61 61

95th 102 103 104 105 107 108 109 61 62 62 63 64 65 65

99th 109 110 111 112 114 115 116 69 69 70 70 71 72 72

3 50th 86 87 88 89 91 92 93 47 48 48 49 50 50 51

90th 100 100 102 103 104 106 106 61 62 62 63 64 64 65

95th 104 104 105 107 108 109 110 65 66 66 67 68 68 69

99th 111 111 113 114 115 116 117 73 73 74 74 75 76 76

4 50th 88 88 90 91 92 94 94 50 50 51 52 52 53 54

90th 101 102 103 104 106 107 108 64 64 65 66 67 67 68

95th 105 106 107 108 110 111 112 68 68 69 70 71 71 72

99th 112 113 114 115 117 118 119 76 76 76 77 78 79 79

5 50th 89 90 91 93 94 95 96 52 53 53 54 55 55 56

90th 103 103 105 106 107 109 109 66 67 67 68 69 69 70

95th 107 107 108 110 111 112 113 70 71 71 72 73 73 74

99th 114 114 116 117 118 120 120 78 78 79 79 80 81 81

6 50th 91 92 93 94 96 97 98 54 54 55 56 56 57 58

90th 104 105 106 108 109 110 111 68 68 69 70 70 71 72

95th 108 109 110 111 113 114 115 72 72 73 74 74 75 76

99th 115 116 117 119 120 121 122 80 80 80 81 82 83 83

7 50th 93 93 95 96 97 99 99 55 56 56 57 58 58 59

90th 106 107 108 109 111 112 113 69 70 70 71 72 72 73

95th 110 111 112 113 115 116 116 73 74 74 75 76 76 77

99th 117 118 119 120 122 123 124 81 81 82 82 83 84 84

8 50th 95 95 96 98 99 100 101 57 57 57 58 59 60 60

90th 108 109 110 111 113 114 114 71 71 71 72 73 74 74

95th 112 112 114 115 116 118 118 75 75 75 76 77 78 78

99th 119 120 121 122 123 125 125 82 82 83 83 84 85 86

9 50th 96 97 98 100 101 102 103 58 58 58 59 60 61 61

90th 110 110 112 113 114 116 116 72 72 72 73 74 75 75

95th 114 114 115 117 118 119 120 76 76 76 77 78 79 79

99th 121 121 123 124 125 127 127 83 83 84 84 85 86 87

10 50th 98 99 100 102 103 104 105 59 59 59 60 61 62 62

90th 112 112 114 115 116 118 118 73 73 73 74 75 76 76

95th 116 116 117 119 120 121 122 77 77 77 78 79 80 80

99th 123 123 125 126 127 129 129 84 84 85 86 86 87 88
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Systolic BP (mmHg)

←← Percentile of Height →→
Age BP

(Year) Percentile
↓↓

Diastolic BP (mmHg)

←← Percentile of Height →→

5th 10th 25th 50th 75th 90th 95th 5th 10th 25th 50th 75th 90th 95th

11 50th 100 101 102 103 105 106 107 60 60 60 61 62 63 63

90th 114 114 116 117 118 119 120 74 74 74 75 76 77 77

95th 118 118 119 121 122 123 124 78 78 78 79 80 81 81

99th 125 125 126 128 129 130 131 85 85 86 87 87 88 89

12 50th 102 103 104 105 107 108 109 61 61 61 62 63 64 64

90th 116 116 117 119 120 121 122 75 75 75 76 77 78 78

95th 119 120 121 123 124 125 126 79 79 79 80 81 82 82

99th 127 127 128 130 131 132 133 86 86 87 88 88 89 90

13 50th 104 105 106 107 109 110 110 62 62 62 63 64 65 65

90th 117 118 119 121 122 123 124 76 76 76 77 78 79 79

95th 121 122 123 124 126 127 128 80 80 80 81 82 83 83

99th 128 129 130 132 133 134 135 87 87 88 89 89 90 91

14 50th 106 106 107 109 110 111 112 63 63 63 64 65 66 66

90th 119 120 121 122 124 125 125 77 77 77 78 79 80 80

95th 123 123 125 126 127 129 129 81 81 81 82 83 84 84

99th 130 131 132 133 135 136 136 88 88 89 90 90 91 92

15 50th 107 108 109 110 111 113 113 64 64 64 65 66 67 67

90th 120 121 122 123 125 126 127 78 78 78 79 80 81 81

95th 124 125 126 127 129 130 131 82 82 82 83 84 85 85

99th 131 132 133 134 136 137 138 89 89 90 91 91 92 93

16 50th 108 108 110 111 112 114 114 64 64 65 66 66 67 68

90th 121 122 123 124 126 127 128 78 78 79 80 81 81 82

95th 125 126 127 128 130 131 132 82 82 83 84 85 85 86

99th 132 133 134 135 137 138 139 90 90 90 91 92 93 93

17 50th 108 109 110 111 113 114 115 64 65 65 66 67 67 68

90th 122 122 123 125 126 127 128 78 79 79 80 81 81 82

95th 125 126 127 129 130 131 132 82 83 83 84 85 85 86

99th 133 133 134 136 137 138 139 90 90 91 91 92 93 93

BP, blood pressure

* The 90th percentile is 1.28 SD, 95th percentile is 1.645 SD, and the 99th percentile is 2.326 SD over the mean. For research purposes,

the standard deviations in appendix table B–1 allow one to compute BP Z-scores and percentiles for girls with height percentiles given in

table 4 (i.e., the 5th, 10th, 25th, 50th, 75th, 90th, and 95th percentiles). These height percentiles must be converted to height Z-scores

given by (5% = -1.645; 10% = -1.28; 25% = -0.68; 50% = 0; 75% = 0.68; 90% = 1.28; 95% = 1.645) and then computed according to

the methodology in steps 2–4 described in appendix B. For children with height percentiles other than these, follow steps 1–4 as

described in appendix B.
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Classification of Hypertension in Children and Adolescents, 
With Measurement Frequency and Therapy Recommendations

SBP or DBP
Percentile*

Frequency of BP
Measurement

Therapeutic
Lifestyle Changes

Pharmacologic
Therapy

T A B L E  5

Normal 

Prehypertension

Stage 1 
hypertension

Stage 2 
hypertension

<90th

90th to <95th 
or if BP exceeds
120/80 mmHg
even if below 90th 
percentile up to
<95th percentile†

95th percentile to
the 99th percentile
plus 5 mmHg

>99th percentile
plus 5 mmHg

Recheck at next
scheduled physical
examination.

Recheck in 6
months.

Recheck in 1–2
weeks or sooner 
if the patient is
symptomatic; 
if persistently 
elevated on two
additional occa-
sions, evaluate 
or refer to source
of care within
1 month.

Evaluate or refer
to source of care
within 1 week 
or immediately 
if the patient is
symptomatic.

Encourage healthy
diet, sleep, and
physical activity.

Weight-manage-
ment counseling 
if overweight,
introduce physical
activity and diet
management.‡

Weight-manage-
ment counseling 
if overweight,
introduce physical
activity and diet
management.‡

Weight-manage-
ment counseling 
if overweight,
introduce physical
activity and diet
management.‡

— 

None unless 
compelling 
indications such 
as CKD, diabetes
mellitus, heart fail-
ure, or LVH exist

Initiate therapy
based on indica-
tions in Table 6 
or if compelling
indications as
above.

Initiate therapy.§

BP, blood pressure; CKD, chronic kidney disease; DBP, diastolic blood pressure; LVH, left ventricular hypertrophy; SBP, 

systolic blood pressure

* For sex, age, and height measured on at least three separate occasions; if systolic and diastolic categories are different, 

categorize by the higher value.

† This occurs typically at 12 years old for SBP and at 16 years old for DBP.

‡ Parents and children trying to modify the eating plan to the Dietary Approaches to Stop Hypertension (DASH) eating plan

could benefit from consultation with a registered or licensed nutritionist to get them started.

§ More than one drug may be required.

Indications for Antihypertensive Drug
Therapy in Children
■ Symptomatic hypertension
■ Secondary hypertension
■ Hypertensive target-organ damage
■ Diabetes (types 1 and 2)
■ Persistent hypertension despite 

nonpharmacologic measures

T A B L E  6
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Clinical Evaluation of Confirmed Hypertension

Evaluation for identifiable causes

History, including sleep history, family his-
tory, risk factors, diet, and habits such as
smoking and drinking alcohol; physical
examination

BUN, creatinine, electrolytes, urinalysis, 
and urine culture 

CBC

Renal U/S

Evaluation for comorbidity

Fasting lipid panel, fasting glucose

Drug screen

Polysomnography

Evaluation for target-organ damage

Echocardiogram

Retinal exam

Further evaluation as indicated

Ambulatory BP monitoring

Plasma renin determination

Renovascular imaging
• Isotopic scintigraphy (renal scan)
• Magnetic resonance angiography
• Duplex Doppler flow studies
• 3-Dimensional CT
• Arteriography:  DSA or classic

Plasma and urine steroid levels

Plasma and urine catecholamines

History and physical examination help
focus subsequent evaluation

R/O renal disease and chronic pyelonephritis

R/O anemia, consistent with chronic renal
disease

R/O renal scar, congenital anomaly, or 
disparate renal size

Identify hyperlipidemia, identify metabolic 
abnormalities

Identify substances that might cause 
hypertension

Identify sleep disorder in association with 
hypertension

Identify LVH and other indications of 
cardiac involvement

Identify retinal vascular changes

Identify white-coat hypertension, 
abnormal diurnal BP pattern, BP load

Identify low renin, suggesting mineralo-
corticoid-related disease

Identify renovascular disease

Identify steroid-mediated hypertension

Identify catecholamine-mediated hypertension

All children with persistent BP ≥95th 
percentile

All children with persistent BP ≥95th 
percentile

All children with persistent BP ≥95th 
percentile

All children with persistent BP ≥95th 
percentile

Overweight patients with BP at 90th–94th
percentile; all patients with BP ≥95th 
percentile. Family history of hypertension
or cardiovascular disease. Child with 
chronic renal disease

History suggestive of possible contribution
by substances or drugs

History of loud, frequent snoring

Patients with comorbid risk factors* and BP
90th–94th percentile; all patients with BP
≥95th percentile 

Patients with comorbid risk factors* and BP
90th–94th percentile; all patients with BP
≥95th percentile

Patients in whom white-coat hypertension is
suspected, and when other information on
BP pattern is needed

Young children with Stage 1 hypertension
and any child or adolescent with Stage 2
hypertension

Positive family history of severe hypertension

Young children with Stage 1 hypertension
and any child or adolescent with Stage 2
hypertension

Young children with Stage 1 hypertension
and any child or adolescent with Stage 2
hypertension

Young children with Stage 1 hypertension
and any child or adolescent with Stage 2
hypertension

T A B L E  7

BP, blood pressure; BUN, blood urea nitrogen; CBC, complete blood count; CT, computerized tomography; DSA, digital subtraction angiography; 

LVH, left ventricular hypertrophy; R/O, rule out; U/S, ultrasound

* Comorbid risk factors also include diabetes mellitus and kidney disease.

Study or Procedure Purpose Target Population
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Primary Hypertension 
and Evaluation for Comorbidities

High BP in childhood had been considered 
a risk factor for hypertension in early adult-
hood. However, primary (essential)
hypertension is now identifiable in children
and adolescents. Primary hypertension in
childhood is usually characterized by mild 
or Stage 1 hypertension and is often associ-
ated with a positive family history of
hypertension or cardiovascular disease (CVD).
Children and adolescents with primary hyper-
tension are frequently overweight. Data on
healthy adolescents obtained in school health-
screening programs demonstrate that the
prevalence of hypertension increases progres-
sively with increasing body mass index (BMI),
and hypertension is detectable in approxi-
mately 30 percent of overweight children
(BMI >95th percentile).26 The strong associa-
tion of high BP with obesity and the marked
increase in the prevalence of childhood obe-
sity27 indicate that both hypertension and
prehypertension are becoming a significant
health issue in the young. Overweight children
frequently have some degree of insulin resist-
ance—a prediabetic condition. Overweight
and high BP are also components of the
insulin-resistance syndrome or metabolic syn-
drome, a condition of multiple metabolic risk
factors for CVD as well as for type 2
diabetes.28,29 The clustering of other CVD
risk factors that are included in the insulin-
resistance syndrome (high triglycerides, low

high-density lipoprotein cholesterol [HDL-C],
truncal obesity, hyperinsulinemia) is signifi-
cantly greater among children with high BP
than in children with normal BP.30 Recent
reports from studies that examined childhood
data estimate that the insulin-resistance syn-
drome is present in 30 percent of overweight
children with BMI greater than the 95th
percentile.31 Historically, hypertension in
childhood was considered a simple inde-
pendent risk factor for CVD, but its link to
the other risk factors in the insulin-resistance
syndrome indicates that a broader approach 
is more appropriate in affected children.

Primary hypertension often clusters with other
risk factors.31,32 Therefore, the medical his-
tory, physical examination, and laboratory
evaluation of hypertensive children and ado-
lescents should include a comprehensive
assessment for additional cardiovascular risk.
These risk factors, in addition to high BP and
overweight, include low plasma HDL-C, 
elevated plasma triglyceride, and abnormal
glucose tolerance. Fasting plasma insulin 
concentration is generally elevated, but an ele-
vated insulin concentration may be reflective
only of obesity and is not diagnostic of the
insulin-resistance syndrome. To identify other
cardiovascular risk factors, a fasting lipid
panel and fasting glucose level should be
obtained in children who are overweight and

■ Primary hypertension is identifiable in children and adolescents.

■ Both hypertension and prehypertension have become a significant health issue 

in the young due to the strong association of high BP with overweight and the 

marked increase in the prevalence of overweight children.

■ The evaluation of hypertensive children should include assessment for additional 

risk factors.

■ Due to an association of sleep apnea with overweight and high BP, a sleep history 

should be obtained.



have BP between the 90th and 94th percentile
and in all children with BP greater than the
95th percentile. If there is a strong family his-
tory of type 2 diabetes, a hemoglobin A1c or
glucose tolerance test may also be considered.
These metabolic risk factors should be
repeated periodically to detect changes in the
level of cardiovascular risk over time. Fewer
data are available on the utility of other tests
in children (e.g., plasma uric acid, or homo-
cysteine and lp(a) levels), and the use of these
measures should depend on family history.

Sleep disorders, including sleep apnea, are
associated with hypertension, coronary artery
disease, heart failure, and stroke in adults.33,34

Although limited data are available, they sug-
gest an association of sleep-disordered
breathing and higher BP in children.35,36

Approximately 15 percent of children snore,
and at least 1–3 percent have sleep-disordered
breathing.35 Because of the associations with
hypertension and the frequency of occurrence
of sleep disorders, particularly among 
overweight children, a history of sleeping 
patterns should be obtained in a child with
hypertension. One practical strategy for 

identifying children with a sleep problem or
sleep disorder is to obtain a brief sleep history,
using an instrument called BEARS.37(table 1.1)

BEARS addresses five major sleep domains
that provide a simple but comprehensive
screen for the major sleep disorders affecting
children ages 2–18. The components of
BEARS include:  Bedtime problems, Excessive
daytime sleepiness, Awakenings during the
night, Regularity and duration of sleep, and
Sleep-disordered breathing (snoring). Each 
of these domains has an age-appropriate
trigger question and includes responses of
both parent and child, as appropriate. This
brief screening for sleep history can be com-
pleted in about 5 minutes.

In a child with primary hypertension, the pres-
ence of any comorbidity that is associated with
hypertension carries the potential to increase
the risk for CVD and can have an adverse
effect on health outcome. Consideration of
these associated risk factors and appropriate
evaluation in those children in whom the
hypertension is verified are important in plan-
ning and implementing therapies that reduce
the comorbidity risk as well as control BP.

17Primary Hypertension and Evaluation for Comorbidities
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Evaluation for Secondary Hypertension

Secondary hypertension is more common in
children than in adults. The possibility that
some underlying disorder may be the cause of
the hypertension should be considered in
every child or adolescent who has elevated BP.
However, the extent of an evaluation for
detection of a possible underlying cause
should be individualized for each child. Very
young children, children with Stage 2 hyper-
tension, and children or adolescents with
clinical signs that suggest the presence of sys-
temic conditions associated with hypertension
should be evaluated more extensively as com-
pared to those with Stage 1 hypertension.38

Present technologies may facilitate less inva-
sive evaluation than in the past, although
experience in using newer modalities with
children is still limited.

A thorough history and physical examination
are the first steps in the evaluation of any
child with persistently elevated BP. Elicited
information should aim to identify not only
signs and symptoms due to high BP but also
clinical findings that might uncover an under-
lying systemic disorder. Thus, it is important
to seek signs and symptoms suggesting renal
disease (gross hematuria, edema, fatigue),
heart disease (chest pain, exertional dyspnea,
palpitations), and diseases of other organ sys-
tems (e.g., endocrinologic, rheumatologic).
Past medical history should elicit information
to focus the subsequent evaluation and to

uncover definable causes of hypertension.
Questions should be asked about prior hospi-
talizations, trauma, urinary tract infections,
snoring and other sleep problems. Questions
should address family history of hypertension,
diabetes, obesity, sleep apnea, renal disease,
other CVD (hyperlipidemia, stroke), and
familial endocrinopathies. Many drugs can
increase BP, so it is important to inquire
directly about use of over-the-counter, pre-
scription, and illicit drugs. Equally important
are specific questions aimed at identifying the
use of nutritional supplements, especially
preparations aimed at enhancing athletic per-
formance.

P H Y S I C A L  E X A M I N A T I O N

The child’s height, weight, and percentiles for
age should be determined at the start of the
physical examination. Because obesity is
strongly linked to hypertension, BMI should
be calculated from the height and weight, and
the BMI percentile should be calculated. Poor
growth may indicate an underlying chronic
illness. When hypertension is confirmed, BP
should be measured in both arms and in a leg.
Normally, BP is 10–20 mmHg higher in the
legs than the arms. If the leg BP is lower than
the arm BP, or if femoral pulses are weak 
or absent, coarctation of the aorta may be
present. Obesity alone is an insufficient expla-
nation for diminished femoral pulses in the

■ Secondary hypertension is more common in children than in adults.

■ Because overweight is strongly linked to hypertension, BMI should be calculated 

as part of the physical examination.

■ Once hypertension is confirmed, BP should be measured in both arms and in a leg.

■ Very young children, children with Stage 2 hypertension, and children or adolescents

with clinical signs that suggest systemic conditions associated with hypertension 

should be evaluated more completely than in those with Stage 1 hypertension.



presence of high BP. The remainder of the
physical examination should pursue clues
found on history and should focus on findings
that may indicate the cause and severity of
hypertension. Table 8 lists important physical
exam findings in hypertensive children.39

The physical examination in hypertensive 
children is frequently normal except for the
BP elevation. The extent of the laboratory
evaluation is based on the child’s age, history,
physical examination findings, and level of BP
elevation. The majority of children with 
secondary hypertension will have renal or 
renovascular causes for the BP elevation.
Therefore, screening tests are designed to have
a high likelihood of detecting children and
adolescents who are so affected. These tests
are easily obtained in most primary care
offices and community hospitals. Additional
evaluation must be tailored to the specific
child and situation. The risk factors, or
comorbid conditions, associated with primary
hypertension should be included in the evalu-
ation of hypertension in all children, as well
as efforts to determine any evidence of target-
organ damage.

A D D I T I O N A L  D I A G N O S T I C

S T U D I E S  F O R

H Y P E R T E N S I O N

Additional diagnostic studies may be appro-
priate in the evaluation of hypertension in a
child or adolescent, particularly if there is a
high degree of suspicion that an underlying
disorder is present. Such procedures are listed
in table 7. ABPM, discussed previously, has
application in evaluating both primary and
secondary hypertension. ABPM is also used
to detect white-coat hypertension.

R E N I N  P R O F I L I N G

Plasma renin level or plasma renin activity
(PRA) is a useful screening test for mineralo-
corticoid-related diseases. With these
disorders, the PRA is very low or unmeasur-
able by the laboratory and may be associated
with relative hypokalemia. PRA levels are
higher in patients who have renal artery
stenosis. However, approximately 15 percent

of children with arteriographically evident
renal artery stenosis have normal PRA
values.40–42 Assays for direct measurement 
of renin, a different technique than PRA, are
commonly used, although extensive norma-
tive data in children and adolescents are
unavailable.

E V A L U A T I O N  F O R  P O S S I B L E

R E N O V A S C U L A R

H Y P E R T E N S I O N

Renovascular hypertension is a consequence
of an arterial lesion or lesions impeding blood
flow to one or both kidneys or to one or
more intrarenal segments.43,44 Affected chil-
dren usually, but not invariably, have
markedly elevated BP.40,44 Evaluation for ren-
ovascular disease also should be considered in
infants or children with other known predis-
posing factors, such as prior umbilical artery
catheter placements or neurofibromatosis.44,45

A number of newer diagnostic techniques are
presently available for evaluation of renovas-
cular disease, but experience in their use in
pediatric patients is limited. Consequently, the
recommended approaches generally use older
techniques, such as standard intra-arterial
angiography, digital-subtraction angiography
(DSA), and scintigraphy (with or without
angiotensin-converting enzyme [ACE] inhibi-
tion).44 As technologies evolve, children
should be referred for imaging studies to cen-
ters that have expertise in the radiological
evaluation of childhood hypertension.

I N V A S I V E  S T U D I E S

Intra-arterial DSA with contrast is used more
frequently than standard angiography, but,
because of intra-arterial injection, this method
remains invasive. DSA also can be accom-
plished by using a rapid injection of contrast
into a peripheral vein, but quality of views
and the size of pediatric veins make this tech-
nique useful only for older children. DSA and
formal arteriography are still considered the
“gold standard,” but these studies should be
undertaken only when surgical or invasive
interventional radiologic techniques are being
contemplated for anatomic correction.46

19Evaluation for Secondary Hypertension
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Examples of Physical Examination Findings Suggestive of Definable Hypertension*

Vital signs

Eyes

Ear, nose, and throat
(ENT)

Height/weight

Head and neck

Skin

Chest

Abdomen

Genitalia

Extremities

Tachycardia

Decreased lower
extremity pulses; 
drop in BP from upper
to lower extremities

Retinal changes

Adenotonsillar 
hypertrophy

Growth retardation 
Obesity (high BMI)
Truncal obesity

Moon facies
Elfin facies
Webbed neck
Thyromegaly

Pallor, flushing,
diaphoresis
Acne, hirsutism, striae
Café-au-lait spots
Adenoma sebaceum
Malar rash
Acanthrosis nigricans

Widely spaced nipples
Heart murmur
Friction rub

Apical heave

Mass
Epigastric/flank bruit
Palpable kidneys

Ambiguous/virilization

Joint swelling

Muscle weakness

Hyperthyroidism, pheochromocytoma, 
neuroblastoma, primary hypertension
Coarctation of the aorta

Severe hypertension, more likely to be associated
with secondary hypertension

Suggests association with sleep-disordered 
breathing (sleep apnea), snoring

Chronic renal failure
Primary hypertension
Cushing syndrome, insulin resistance syndrome

Cushing syndrome
Williams syndrome
Turner syndrome
Hyperthyroidism

Pheochromocytoma

Cushing syndrome, anabolic steroid abuse
Neurofibromatosis
Tuberous sclerosis
Systemic lupus erythematosus
Type 2 diabetes

Turner syndrome
Coarctation of the aorta
Systemic lupus erythematosus (pericarditis), 
collagen-vascular disease, end stage renal disease
with uremia
Left ventricular hypertrophy/chronic hypertension

Wilms tumor, neuroblastoma, pheochromocytoma
Renal artery stenosis
Polycystic kidney disease, hydronephrosis, multi-
cystic-dysplastic kidney, mass (see above)

Adrenal hyperplasia

Systemic lupus erythematosus, collagen vascular
disease

Hyperaldosteronism, Liddle syndrome

T A B L E  8

BMI, body mass index; BP, blood pressure

* Adapted from Flynn, JT. Evaluation and management of hypertension in childhood. Prog Pediatr Cardiol 2001;12:177–88.

† Findings listed are examples of physical findings and do not represent all possible physical findings.

Finding† Possible Etiology
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Newer imaging techniques may be used in
children with vascular lesions. Magnetic 
resonance angiography (MRA) is increasingly
feasible for the evaluation of pediatric 
renovascular disease, but it is still best for
detecting abnormalities in the main renal
artery and its primary branches.47–49 Imaging
with magnetic resonance requires that the
patient be relatively immobile for extended

periods—a significant difficulty for small chil-
dren. At present, studies are needed to assess
the effectiveness of MRA in the diagnosis of
children with renovascular disease. Newer
methods, including 3-dimensional (3-D)
reconstructions of computerized tomography
(CT) images, or spiral CT with contrast,
appear promising in evaluating children who
may have renovascular disease.50
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Target-Organ Abnormalities 
in Childhood Hypertension

Hypertension is associated with increased risk
of myocardial infarction, stroke, and cardio-
vascular mortality in adults,2,51 and treatment
of elevated BP results in a reduction in the
risk for cardiovascular events.

Children and adolescents with severe elevation
of BP are also at increased risk of adverse out-
comes, including hypertensive encephalopathy,
seizures, and even cerebrovascular accidents
and congestive heart failure.52,53 Even hyper-
tension that is less severe contributes to
target-organ damage when it occurs with
other chronic conditions, such as chronic
kidney disease.54–56 Two autopsy studies,57,58

that evaluated tissue from adolescents and
young adults who had sudden deaths due to
trauma, demonstrated significant relationships
between the level of BP, or hypertension, and
the presence of atherosclerotic lesions in the
aorta and coronary arteries. The exact level
and duration of BP elevation that causes
target-organ damage in the young has not
been established.

One difficulty in the assessment of these 
relationships is that, until recently, few non-
invasive methods could evaluate the effect of
hypertension on the cardiovascular system.
Noninvasive techniques that use ultrasound
can demonstrate structural and functional
changes in the vasculature related to BP.

Recent clinical studies using these techniques
demonstrate that childhood levels of BP are
associated with carotid intimal-medial thick-
ness59 and large artery compliance60 in young
adults. Even healthy adolescents with clus-
tering of cardiovascular risk factors
demonstrate elevated carotid thickness,61,62

and those with BP levels at the higher end of
the normal distribution show decreased
brachial artery flow-mediated vasodilatation.
Overall, evidence is increasing that even mild
BP elevation can have an adverse effect on
vascular structure and function63 in asympto-
matic young persons.

LVH is the most prominent clinical evidence of
target-organ damage caused by hypertension
in children and adolescents. With the use of
echocardiography to measure left ventricular
mass, LVH has been reported in 34–38 per-
cent of children and adolescents with mild,
untreated BP elevation.64–66 Daniels et al. eval-
uated 130 children and adolescents with
persistent BP elevation.67 They reported that
55 percent of patients had a left ventricular
mass index greater than the 90th percentile,
and 14 percent had left ventricular mass index
above 51 g/m2.7, a value in adults with hyper-
tension that has been associated with a
fourfold greater risk of adverse cardiovascular
outcomes. When left ventricular geometry
was examined in hypertensive children,

■ Target-organ abnormalities are commonly associated with hypertension in children 

and adolescents.

■ Left ventricular hypertrophy (LVH) is the most prominent evidence of target-organ 

damage.

■ Pediatric patients with established hypertension should have echocardiographic 

assessment of left ventricular mass at diagnosis and periodically thereafter.

■ The presence of LVH is an indication to initiate or intensify antihypertensive 

therapy.



17 percent had concentric hypertrophy, a pat-
tern that is associated with higher risk for
cardiovascular outcomes in adults, and
30 percent had eccentric hypertrophy, which
is associated with intermediate risk for cardio-
vascular outcomes.67

In addition, abnormalities of the retinal vas-
culature have been reported in adults with
hypertension.68 Few studies of retinal abnor-
malities have been conducted in children with
hypertension. Skalina et al. evaluated new-
borns with hypertension69 and reported the
presence of hypertensive retinal abnormalities
in approximately 50 percent of their patients.
On repeat examination, after the resolution of
hypertension, these abnormalities had disap-
peared.

C L I N I C A L  R E C O M M E N D A T I O N

Echocardiography is recommended as a 
primary tool for evaluating patients for target-
organ abnormalities by assessing the presence
or absence of LVH. Left ventricular mass is
determined from standard echocardiographic
measurements of the left ventricular end-dias-
tolic dimension (LVED), the intraventricular
septal thickness (IVS), and the thickness of the
left ventricular posterior wall (LVPW) and can
be calculated as:  LV Mass (g) = 0.80 [1.04
(IVS + LVED + LVPW)3 – (LVED)3] + 0.6
(with echocardiographic measurements in cen-
timeters). From these measures, the left
ventricular mass can be calculated by using
the equation of Devereux et al.70 when meas-
urements are made according to the criteria of
the American Society of Echocardiography.71

Heart size is closely associated with body
size.72 Left ventricular mass index is calcu-
lated to standardize measurements of left
ventricular mass. Several methods for
indexing left ventricular mass have been
reported, but it is recommended that height

(m2.7) be used to index left ventricular mass,
as described by de Simone et al.73 This
method accounts for close to the equivalent of
the effect of lean body mass and excludes the
effect of obesity and BP elevation on left ven-
tricular mass. Some echo laboratories use
height as the indexing variable. This calcula-
tion is also acceptable and is somewhat easier
to use, as fewer calculations are needed.

Children and adolescents with established
hypertension should have an echocardiogram
to determine if LVH is present. A conserva-
tive cutpoint that determines the presence of
LVH is 51 g/m2.7. This cutpoint is above the
99th percentile for children and adolescents
and is associated with increased morbidity in
adults with hypertension.73 Other references
exist for normal children,74 but, unlike adults,
outcome-based standards for left ventricular
mass index are not available for children. In
interpreting the left ventricular mass index, it
should be remembered that some factors, such
as obesity and hypertension, have pathologic
effects on the heart, whereas others—such as
physical activity, particularly in highly condi-
tioned athletes—may be adaptive.

Ascertainment of left ventricular mass index 
is very helpful in clinical decisionmaking.
The presence of LVH can be an indication for
initiating or intensifying pharmacologic
therapy to lower BP. For patients who have
LVH, the echocardiographic determination of
left ventricular mass index should be repeated
periodically.

At the present time, additional testing for other
target-organ abnormalities (such as determina-
tion of carotid intimal-medial thickness and
evaluation of urine for microalbuminuria) is
not recommended for routine clinical use.
Further research will be needed to evaluate the
clinical utility of these tests.

23Target-Organ Abnormalities in Childhood Hypertension
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Therapeutic 
Lifestyle Changes

Evidence is limited that supports the efficacy
of nonpharmacological interventions for BP
reduction in the treatment of hypertension in
children and adolescents. Data that demon-
strate a relationship of lifestyle with BP can be
used as the basis for recommendations. On
the basis of large randomized controlled trials,
the following lifestyle modifications are rec-
ommended in adults:2 weight reduction in
overweight or obese individuals;75 increased
intake of fresh vegetables, fruits, and lowfat
dairy (the Dietary Approaches to Stop
Hypertension Study [DASH] eating plan);76

dietary sodium reduction;76,77 increased phys-
ical activity;78 and moderation of alcohol
consumption.79 Smoking cessation has signifi-
cant cardiovascular benefits.32 As information
on chronic sleep problems evolves, interven-
tions to improve sleep quality may also have a
beneficial effect on BP.80

The potential for control of BP in children
through weight reduction is supported by BP
tracking and weight-reduction studies. BP
levels track from childhood through adoles-
cence and into adulthood81–83 in association
with weight.84,85 Because of the strong corre-
lation between weight and BP, excessive
weight gain is likely to be associated with ele-
vated BP over time. Therefore, maintenance
of normal weight gain in childhood should
lead to less hypertension in adulthood.

Weight loss in overweight adolescents is asso-
ciated with a decrease in BP.30,86–90 Weight
control not only decreases BP, it also
decreases BP sensitivity to salt88 and decreases
other cardiovascular risk factors, such as dys-
lipidemia and insulin resistance.32 In studies
that achieve a reduction in BMI of about
10 percent, short-term reductions in BP were
in the range of 8–12 mmHg. Although diffi-
cult, weight loss, if successful, is extremely
effective.32,91–93 Identifying a complication of
overweight, such as hypertension, can be a
helpful motivator for patients and families to
make changes. Weight control can render
pharmacological treatment unnecessary but
should not delay drug use when indicated.

Emphasis on the management of complica-
tions rather than on overweight shifts the aim
of weight management from an aesthetic to a
health goal. In motivated families, education
or simple behavior modification can be suc-
cessful in achieving moderate weight loss or
preventing further weight gain. Steps can be
implemented in the primary care setting even
with limited staff and time resources.32,91 The
patient should be encouraged to self-monitor
time spent in sedentary activity, including
watching television and playing video or com-
puter games, and to set goals to progressively
decrease these activities to less than 2 hours
per day.94 The family and patient should
identify physical activities that the child enjoys,

■ Weight reduction is the primary therapy for obesity-related hypertension.

Prevention of excess or abnormal weight gain will limit future increases in BP.

■ Regular physical activity and restriction of sedentary activity will improve efforts 

at weight management and may prevent an excess increase in BP over time.

■ Dietary modification should be strongly encouraged in children and adolescents who

have BP levels in the prehypertensive range as well as in those with hypertension.

■ Family-based intervention improves success.



engage in them regularly, and self-monitor time
spent in physical activities (30–60 minutes per
day should be achieved).94–96 Dietary changes
can involve portion-size control, decrease in
consumption of sugar-containing beverages and
energy-dense snacks, increase in consumption
of fresh fruits and vegetables, and regular
meals including a healthy breakfast.32,91,93,97,98

Consultation with a nutritionist can be useful
and provide customized recommendations.
During regular office visits, the primary care
provider can supervise the child’s progress in
self-monitoring and accomplishing goals and
can provide support and positive feedback to
the family. Some patients will benefit from a
more intense and comprehensive approach to
weight management from a multidisciplinary
and specialized team if available.91–93

Despite the lack of firm evidence about
dietary intervention in children, it is generally
accepted that hypertensive individuals can
benefit from a dietary increase in fresh vegeta-
bles, fresh fruits, fiber, and nonfat dairy, as
well as a reduction of sodium. Despite some
suggestion that calcium supplements may
decrease BP in children,99,100 so far the evi-
dence is too limited to support a clinical
recommendation.101 Lower BP has been asso-
ciated in children and adolescents with an
increased intake of potassium,100–103 magne-
sium,100,101 folic acid,101,104 unsaturated
fat,100,105,106 and fiber,100,101,104 and lower
dietary intake of total fat.100,101 However,
these associations are small and insufficient to
support dietary recommendations for specific,
individual nutrients.

Sodium reduction in children and adolescents
has been associated with small reductions in
BP, in the range of 1–3 mmHg.101,103,107–110

Data from one randomized trial suggest that
sodium intake in infancy may affect BP in
adolescence.111 Similarly, some evidence indi-
cates that breastfeeding may be associated
with lower BP in childhood.112,113 The current
recommendation for adequate daily sodium
intake is only 1.2 g/day for 4- to 8-year-old
children and 1.5 g/day for older children.114

Since this amount of sodium is substantially
lower than current dietary intakes, lowering
dietary sodium from the current usual intake
may have future benefit. Reduced sodium
intake, with calorie restriction, may account
for some of the BP improvement associated
with weight loss.

Regular physical activity has cardiovascular
benefits. A recent meta-analysis that com-
bined 12 randomized trials, for a total of
1,266 children and adolescents, concluded
that physical activity leads to a small, but not
statistically significant, decrease in BP.115

However, both regular physical activity and
decreasing sedentary activity—such as
watching television and playing video or elec-
tronic games—are important components of
pediatric obesity treatment and preven-
tion.32,91–93 Weight-reduction trials
consistently report better results when phys-
ical activity and/or prevention of sedentary
activity are included in the treatment pro-
tocol. Therefore, regular aerobic physical
activity (30–60 minutes of moderate physical
activity on most days) and limitation of
sedentary activities to less than 2 hours per
day are recommended for the prevention of
obesity, hypertension, and other cardiovas-
cular risk factors.94–96 With the exception of
power lifting, resistance training is also
helpful. Competitive sports participation
should be limited only in the presence of
uncontrolled Stage 2 hypertension.116

The scope of hypertension as a public health
problem in adults is substantial. Poor health-
related behaviors such as physical inactivity,
unfavorable dietary patterns, and excessive
weight gain raise the risk for future hyperten-
sion. The therapeutic lifestyle changes
discussed above may have benefit for all chil-
dren in prevention of future disease, including
primary hypertension. Accordingly, appro-
priate health recommendations for all children
and adolescents are regular physical activity; a
diet with limited sodium but rich in fresh
fruits, fresh vegetables, fiber, and lowfat dairy;
and avoiding excess weight gain.
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Pharmacologic Therapy 
of Childhood Hypertension

In adults, hypertension is typically a lifelong
condition. Most hypertensive patients will
need to remain on medications for the rest of
their lives. Usually, adults readily accept this
fact, given the known long-term adverse con-
sequences of untreated or undertreated
hypertension.117 In children, however, the
long-term consequences of untreated hyperten-
sion are unknown. Additionally, no data are
available on the long-term effects of antihyper-
tensive drugs on growth and development.
Therefore, a definite indication for initiating
pharmacologic therapy should be ascertained
before a drug is prescribed.

Table 6 summarizes the indications for use of
antihypertensive drugs in children. These
indications include symptomatic hypertension,
secondary hypertension, established hyperten-
sive target-organ damage, and failure of
nonpharmacologic measures. Other indica-
tions for use of antihypertensive drugs can be
considered, depending on the clinical situa-
tion. For example, because the presence of
multiple cardiovascular risk factors (elevated
BP, dyslipidemia, tobacco use, etc.) increases
cardiovascular risk in an exponential rather

than additive fashion,118,119 antihypertensive
therapy could be considered if the child or
adolescent is known to have dyslipidemia.

The number of antihypertensive drugs has
increased since the publication of the Report
of the Task Force on Blood Pressure Control
in Children.120 The number of drugs that
have been studied systematically in children
has also increased, largely because of incen-
tives provided to the pharmaceutical industry
under the auspices of the 1997 Food and
Drug Administration Modernization Act
(FDAMA) and the 2002 Best Pharmaceuticals
for Children Act (BPCA).121–123 These devel-
opments have had both negative and positive
consequences. Chief among the negative con-
sequences is the lack of reliable pediatric data
for older, commonly used compounds with
expired patent protection. Currently, no
incentives exist for industry-sponsored trials
of such drugs, and alternative methods of
stimulating pediatric studies, such as those
contained in the BPCA,123–125 have yet to
come to fruition. On the other hand, publica-
tion of the results of industry-sponsored
clinical trials and single-center case series will

■ Indications for antihypertensive drug therapy in children include secondary 

hypertension and insufficient response to lifestyle modifications.

■ Recent clinical trials have expanded the number of drugs that have pediatric dosing 

information. Dosing recommendations for many of the newer drugs are provided.

■ Pharmacologic therapy, when indicated, should be initiated with a single drug.

Acceptable drug classes for use in children include ACE inhibitors, angiotensin-

receptor blockers, beta-blockers, calcium channel blockers, and diuretics.

■ The goal for antihypertensive treatment in children should be reduction of BP 

to <95th percentile, unless concurrent conditions are present. In that case, 

BP should be lowered to <90th percentile.

■ Severe, symptomatic hypertension should be treated with intravenous 

antihypertensive drugs.



provide additional data that can be combined
with prior recommendations based on expert
opinion and collective clinical experience to
guide the use of antihypertensive drugs in
children and adolescents who require pharma-
cologic treatment.

Table 9 contains dosing recommendations for
antihypertensive drugs in children 1–17 years
old. It should be noted that many other drugs
are available in addition to those listed in table
9. Those drugs are not included in the table,
however, because few or no pediatric data were
available at the time this report was prepared.

Long-term, clinical endpoint data from ran-
domized trials, such as the Antihypertensive
and Lipid-Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT), support the
preferential use of specific antihypertensive
drugs in adults.2,126 However, pediatric clin-
ical trials of antihypertensive drugs have
focused only on their ability to lower BP and
have not compared the effects of these drugs
on clinical endpoints. Therefore, because all
classes of antihypertensive drugs have been
shown to lower BP in children, the choice of
drug for initial antihypertensive therapy
resides in the preference of the responsible
physician. Some diuretics and beta-adrenergic
blockers, which were recommended as initial
therapy in the first and second Task Force
Reports,25,120 have a long history of safety
and efficacy based on clinical experience in
hypertensive children, and these drugs remain
appropriate for pediatric use. Similarly, some
members of the newer classes of antihyperten-
sive drugs, including ACE inhibitors, calcium
channel blockers, and angiotensin-receptor
blockers,127–130 have been studied in children
and, based on short-term use, shown to be
safe and well-tolerated with satisfactory BP
reductions in hypertensive children.

Specific classes of antihypertensive drugs
should be used preferentially in certain hyper-
tensive children with specific underlying or
concurrent medical conditions. Examples
include the use of ACE inhibitors or
angiotensin-receptor blockers in children with
diabetes and microalbuminuria or proteinuric
renal diseases, and the use of beta-adrenergic

blockers or calcium channel blockers in hyper-
tensive children with migraine headaches.
This approach is similar to that outlined in 
the recent JNC 7 report, which recommends
specific classes of antihypertensive drugs for
use in adults in certain high-risk categories.2

All antihypertensive drugs should be pre-
scribed in a similar fashion:  The child is
initially started on the lowest recommended
dose listed in table 9. The dose can be
increased until the desired BP goal is achieved.
Once the highest recommended dose is
reached, or if the child experiences side effects
from the drug, a second drug from a different
class should be added. Consideration should
be given to combining drugs with comple-
mentary mechanisms of action, such as an
ACE inhibitor with a diuretic, or a vasodilator
with a diuretic or beta-adrenergic blocker.
Because little pediatric experience is available
in using fixed-dose combination products,
except for bisoprolol/HCTZ,131 routine use of
these products in children cannot be recom-
mended at this time.

For children with uncomplicated primary
hypertension and no hypertensive target-
organ damage, the goal BP should be less
than the 95th percentile for sex, age, and
height, whereas for children with chronic
renal disease, diabetes, or hypertensive target-
organ damage, the goal BP should be less
than the 90th percentile for sex, age, and
height. Again, this approach is similar to the
recommended treatment of hypertension in
adults with additional cardiovascular risk 
factors or comorbid conditions.2

Important adjunctive aspects to the drug
therapy of childhood hypertension include
ongoing monitoring of target-organ damage as
well as BP monitoring, surveillance for drug
side effects, periodic monitoring of electrolytes
in children treated with ACE inhibitors or
diuretics, counseling regarding other cardio-
vascular risk factors, and continued emphasis
on nonpharmacologic measures. It may also
be appropriate to consider “step-down”
therapy in selected patients. This approach
attempts a gradual reduction in the drug after
an extended course of good BP control, with

27Pharmacologic Therapy of Childhood Hypertension



28 The Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents

Antihypertensive Drugs for Outpatient Management of Hypertension in Children 1–17 Years Old*

Initial:  0.2 mg/kg/day up to 10 mg/day
Maximum:  0.6 mg/kg/day up to 40 mg/day

Initial:  0.3–0.5 mg/kg/dose 
Maximum:  6 mg/kg/day

Initial:  0.08 mg/kg/day up to 5 mg/day
Maximum:  0.6 mg/kg/day up to 40 mg/day

Children >50 kg: 
Initial:  5–10 mg/day
Maximum:  40 mg/day

Initial:  0.07 mg/kg/day up to 5 mg/day
Maximum:  0.6 mg/kg/day up to 40 mg/day

Initial:  5–10 mg/day
Maximum:  80 mg/day

6–12 years:  75–150 mg/day
≥13 years:  150–300 mg/day

Initial:  0.7 mg/kg/day up to 50 mg/day
Maximum:  1.4 mg/kg/day up to 100 mg/day

Initial:  1–3 mg/kg/day
Maximum:  10–12 mg/kg/day up to 1,200 mg/day

Initial:  0.5–1 mg/kg/day
Maximum:  2 mg/kg/day up to 100 mg/day

Initial:  2.5/6.25 mg/day
Maximum:  10/6.25 mg/day

Initial:  1–2 mg/kg/day
Maximum:  6 mg/kg/day up to 200 mg/day

Initial:  1–2 mg/kg/day
Maximum:  4 mg/kg/day up to 640 mg/day

Children 6–17 years:
2.5–5 mg once daily

Initial:  2.5 mg/day
Maximum:  10 mg/day 

Initial:  0.15–0.2 mg/kg/day
Maximum:  0.8 mg/kg/day up to 20 mg/day

Initial:  0.25–0.5 mg/kg/day
Maximum:  3 mg/kg/day up to 120 mg/day 

T A B L E  9

Angiotensin-converting
enzyme (ACE) inhibitor

Angiotensin-receptor blocker

α- and β-blocker

β-blocker

Calcium channel blocker

Benazepril

Captopril

Enalapril

Fosinopril

Lisinopril

Quinapril

Irbesartan

Losartan

Labetalol

Atenolol

Bisoprolol/HCTZ

Metoprolol

Propranolol

Amlodipine

Felodipine

Isradipine

Extended-release 
nifedipine

Class Drug Dose†
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qd

tid

qd–bid

qd

qd

qd

qd

qd

bid

qd–bid

qd

bid

bid–tid

qd

qd

tid–qid

qd–bid

RCT

RCT, CS

RCT

RCT

RCT

RCT, EO

CS

RCT

CS, EO

CS

RCT

CS

RCT, EO

RCT

RCT, EO

CS, EO

CS, EO

Yes

No

Yes

Yes

Yes

No

Yes

Yes

No

No

No

No

Yes

Yes

No

No

No

1. All ACE inhibitors are contraindicated in pregnancy—females of 
childbearing age should use reliable contraception.

2. Check serum potassium and creatinine periodically to monitor for 
hyperkalemia and azotemia.

3. Cough and angioedema are reportedly less common with newer members 
of this class than with captopril.

4. Benazepril, enalapril, and lisinopril labels contain information on the 
preparation of a suspension; captopril may also be compounded into a 
suspension.

5. FDA approval for ACE inhibitors with pediatric labeling is limited to 
children ≥6 years of age and to children with creatinine clearance 
≥30 ml/min/1.73m2.

1. All ARBs are contraindicated in pregnancy—females of childbearing age 
should use reliable contraception.

2. Check serum potassium, creatinine periodically to monitor for 
hyperkalemia and azotemia.

3. Losartan label contains information on the preparation of a suspension.

4. FDA approval for ARBs is limited to children ≥6 years of age and to 
children with creatinine clearance ≥30 ml/min/1.73m2.

1. Asthma and overt heart failure are contraindications.

2. Heart rate is dose-limiting.

3. May impair athletic performance.

4. Should not be used in insulin-dependent diabetics.

1. Noncardioselective agents (propranolol) are contraindicated in asthma 
and heart failure.

2. Heart rate is dose-limiting.

3. May impair athletic performance.

4. Should not be used in insulin-dependent diabetics.

5. A sustained-release formulation of propranolol is available that is dosed 
once-daily.

1. Amlodipine and isradipine can be compounded into stable extemporane-
ous suspensions.

2. Felodipine and extended-release nifedipine tablets must be swallowed 
whole.

3. Isradipine is available in both immediate-release and sustained-release 
formulations; sustained release form is dosed qd or bid.

4. May cause tachycardia.

Dosing Interval Evidence‡ FDA Labelings§ Comments††
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Clonidine

HCTZ

Chlorthalidone

Furosemide

Spironolactone

Triamterene

Amiloride

Doxazosin

Prazosin

Terazosin

Hydralazine

Minoxidil

Children ≥12 years:
Initial:  0.2 mg/day
Maximum:  2.4 mg/day

Initial:  1 mg/kg/day
Maximum:  3 mg/kg/day up to 50 mg/day 

Initial:  0.3 mg/kg/day
Maximum:  2 mg/kg/day up to 50 mg/day

Initial:  0.5–2.0 mg/kg/dose
Maximum:  6 mg/kg/day 

Initial:  1 mg/kg/day
Maximum:  3.3 mg/kg/day up to 100 mg/day

Initial:  1–2 mg/kg/day
Maximum:  3–4 mg/kg/day up to 300 mg/day

Initial:  0.4–0.625 mg/kg/day
Maximum:  20 mg/day

Initial:  1 mg/day
Maximum:  4 mg/day 

Initial:  0.05–0.1 mg/kg/day
Maximum:  0.5 mg/kg/day

Initial:  1 mg/day
Maximum:  20 mg/day

Initial:  0.75 mg/kg/day
Maximum:  7.5 mg/kg/day up to 200 mg/day

Children <12 years: 
Initial:  0.2 mg/kg/day 
Maximum:  50 mg/day
Children ≥12 years:
Initial:  5 mg/day
Maximum:  100 mg/day 

T A B L E  9

Central α-agonist 

Diuretic

Peripheral α-antagonist

Vasodilator

Antihypertensive Drugs for Outpatient Management of Hypertension in Children 1–17 Years Old* 

(continued)

Class Drug Dose†
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bid

qd

qd

qd–bid

qd–bid

bid

qd

qd

tid

qd

qid

qd–tid

EO

EO

EO

EO

EO

EO

EO

EO

EO

EO

EO

CS, EO

Yes

Yes

No

No

No

No

No

No

No

No

Yes

Yes

1. May cause dry mouth and/or sedation.

2. Transdermal preparation also available.

3. Sudden cessation of therapy can lead to severe rebound hypertension.

1. All patients treated with diuretics should have electrolytes monitored 
shortly after initiating therapy and periodically thereafter.

2. Useful as add-on therapy in patients being treated with drugs from other 
drug classes.

3. Potassium-sparing diuretics (spironolactone, triamterene, amiloride) may
cause severe hyperkalemia, especially if given with ACE inhibitor or ARB.

4. Furosemide is labeled only for treatment of edema but may be useful as 
add-on therapy in children with resistant hypertension, particularly in 
children with renal disease.

5. Chlorthalidone may precipitate azotemia in patients with renal diseases 
and should be used with caution in those with severe renal impairment.

1. May cause hypotension and syncope, especially after first dose.

1. Tachycardia and fluid retention are common side effects.

2. Hydralazine can cause a lupus-like syndrome in slow acetylators.

3. Prolonged use of minoxidil can cause hypertrichosis.

4. Minoxidil is usually reserved for patients with hypertension resistant 
to multiple drugs.

ACE, angiotensin-converting enzyme; ARB, angiotensin-receptor blocker; bid, twice-daily; HCTZ, hydrochlorothiazide; qd, once-daily; qid, four times daily; tid, 

three times daily

* Includes drugs with prior pediatric experience or recently completed clinical trials.

† The maximum recommended adult dose should not be exceeded in routine clinical practice.

‡ Level of evidence upon which dosing recommendations are based (CS, case series; EO, expert opinion; RCT, randomized controlled trial)

§ FDA-approved pediatric labeling information is available. Recommended doses for agents with FDA-approved pediatric labels are the doses contained in 

the approved labels. Even when pediatric labeling information is not available, the FDA-approved label should be consulted for additional safety information.

†† Comments apply to all members of each drug class except where otherwise stated.

Dosing Interval Evidence‡ FDA Labelings§ Comments††



the eventual goal of completely discontinuing
drug therapy. Children with uncomplicated
primary hypertension, especially overweight
children who successfully lose weight, are the
best candidates for the step-down approach.
Such patients require ongoing BP monitoring
after the cessation of drug therapy, as well as
continued nonpharmacologic treatment,
because hypertension may recur.

Severe, symptomatic hypertension with BP
well above the 99th percentile occurs in some
children, usually those with underlying renal
disease, and requires prompt treatment.
Hypertensive emergencies in children are usu-
ally accompanied by signs of hypertensive
encephalopathy, typically causing seizures.
Hypertensive emergencies should be treated
by an intravenous antihypertensive that can
produce a controlled reduction in BP, aiming
to decrease the pressure by 25 percent or less
over the first 8 hours after presentation and
then gradually normalizing the BP over 26–48

hours.132,133 Hypertensive urgencies are
accompanied by less serious symptoms, such
as severe headache or vomiting. Hypertensive
urgencies can be treated by either intravenous
or oral antihypertensives, depending on the
child’s symptomatology. Table 10 provides
dosing recommendations for treatment of
severe hypertension in children when prompt
reduction in BP is indicated.

Figure 1 is a management algorithm that pres-
ents guidelines for evaluation and treatment
of Stage 1 and Stage 2 hypertension in chil-
dren and adolescents. The algorithm
summarizes monitoring and intervention rec-
ommendations for children and adolescents
with prehypertension and hypertension.
Included in the algorithm are points at which
the presence of overweight is considered in
clinical decisionmaking. The algorithm also
emphasizes the inclusion of evaluation for
target-organ damage in children with estab-
lished Stage 1 and Stage 2 hypertension.
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BMI, body mass index; BP, blood pressure; Rx, prescription; Q, every.

*See tables 3, 4, and 5.

†Diet modification and physical activity.

‡Especially if younger, very high BP, little or no family history, diabetic, or other risk factors.

Measure BP and Height and Calculate BMI
Determine BP category for sex, age, and height*

Repeat BP
Over 3 visits

Therapeutic
Lifestyle

Changes†

Rx Specific 
for Cause

Weight Reduction
and Drug Rx

Drug Rx Drug Rx‡ Weight Reduction Weight Reduction

Educate on
Heart Health

Lifestyle†

For the Family

Stage 2 Hypertension*

Diagnostic Workup
Include Evaluation for

Target-Organ Damage‡

Diagnostic Workup
Include Evaluation for

Target-Organ Damage‡

Consider Referral
To provider with expertise in

pediatric hypertension

Stage 1 Hypertension* Normotensive*

90–<95%

or 120/80 mmHg

Secondary 
Hypertension

Normal 
BMI

Overweight OverweightNormal 
BMI

or Primary
Hypertension

Secondary 
Hypertension

or Primary
Hypertension

≥95%

≥95%

Still ≥95%

Therapeutic
Lifestyle

Changes†

Monitor Q 6 Mo

Repeat BP
In 6 months

Consider Diagnostic Workup
and Evaluation for Target-

Organ Damage‡

If overweight or comorbidity exists

Prehypertensive*

<90%

OverweightNormal 
BMI

90–<95% or 120/80 mmHg

F I G U R E  1

Management Algorithm
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Antihypertensive Drugs for Management of Severe Hypertension 
in Children 1–17 Years Old

ß-blocker

Vasodilator

α- and ß-
blocker

Calcium 
channel 
blocker

Vasodilator

iv infusion

iv, im

iv bolus or
infusion

iv infusion

iv infusion 

T A B L E  1 0

Esmolol

Hydralazine

Labetalol

Nicardipine

Sodium
nitroprusside

Very short-acting—constant
infusion preferred. May
cause profound bradycardia.
Produced modest reductions
in BP in a pediatric clinical
trial.

Should be given every 4 hours
when given iv bolus.
Recommended dose is lower
than FDA label.

Asthma and overt heart 
failure are relative contra-
indications.

May cause reflex tachycardia.

Monitor cyanide levels with
prolonged (>72 hr) use or in
renal failure; or coadminister
with sodium thiosulfate.

Most Useful*

Occasionally Useful‡

100–500 mcg/kg/min

0.2–0.6 mg/kg/dose

bolus:  0.2–1.0
mg/kg/dose up to 40
mg/dose
infusion:  0.25–3.0
mg/kg/hr

1–3 mcg/kg/min

0.53–10 mcg/kg/min

Central 
α-agonist

ACE inhibitor

Dopamine
receptor 
agonist

Calcium chan-
nel blocker

Vasodilator

po

iv bolus

iv infusion

po

po

Clonidine

Enalaprilat

Fenoldopam

Isradipine

Minoxidil

Side effects include dry
mouth and sedation.

May cause prolonged
hypotension and acute renal
failure, especially in neonates.

Produced modest reductions
in BP in a pediatric clinical
trial in patients up to 12
years.

Stable suspension can be
compounded.

Most potent oral vasodilator;
long-acting.

0.05–0.1 mg/dose
may be repeated up
to 0.8 mg total dose

0.05–0.1 mg/kg/dose
up to 1.25 mg/dose

0.2–0.8 mcg/kg/min

0.05–0.1 mg/kg/dose

0.1–0.2 mg/kg/dose

ACE, angiotensin-converting enzyme; im, intramuscular; iv, intravenous; po, oral.

* Useful for hypertensive emergencies and some hypertensive urgencies.

† All dosing recommendations are based upon expert opinion or case series data except as otherwise noted.

‡ Useful for hypertensive urgencies and some hypertensive emergencies.

Drug Class Dose† Route Comments

Drug Class Dose* Route Comments



34 The Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents

A P P E N D I X  A .

Demographic Data



35Appendix A. Demographic Data

G
en

d
er

D
em

o
g

ra
p

hi
c 

D
at

a 
o

n 
H

ei
g

ht
/B

lo
o

d
 P

re
ss

ur
e 

D
is

tr
ib

ut
io

n 
C

ur
ve

s 
b

y 
S

tu
d

y 
P

o
p

ul
at

io
n*

T
A

B
L

E
 
A

–
1

E
th

ni
c 

G
ro

up

N
IH

 
6–

17
1,

89
6 

1,
75

1 
60

0 
0 

2,
96

3
0 

0
84

0 
3,

64
7 

3,
60

9
3,

64
7

3,
64

7
3,

60
9

3,
64

7

P
itt

sb
ur

gh
 

1–
5 

14
8 

13
7 

10
8

0 
17

6
0 

0
0

1 
28

5
0

28
5

89
3

0 
89

3

D
al

la
s 

13
–1

7
5,

91
6 

5,
64

9 
5,

26
6 

1,
57

0
4,

72
9 

0
0

0 
0 

11
,5

65
 

11
,5

65
11

,5
65

21
,8

60
21

,8
52

21
,8

60

B
og

al
us

a 
1–

17
3,

75
1

3,
60

7 
2,

48
0 

0 
4,

87
8

0 
0

0
0 

7,
35

8
0

7,
35

8 

15
,8

82
0 

15
,8

82

H
ou

st
on

3–
17

1,
45

7
1,

37
7 

63
7

1,
34

1
74

8
23

0
0

85
2,

83
4 

0 
2,

83
4

2,
83

4
0 

2,
83

4

S
ou

th
 

4–
17

 
3,

16
7

3,
26

3 
3,

11
0

0
3,

32
0 

0 
0 

0 
0 

6,
43

0 
6,

36
8

6,
43

0

C
ar

ol
in

a
6,

43
0

6,
36

8 
6,

43
0

Io
w

a 
5–

17
2,

09
9

1,
99

3 
0

0 
4,

09
2 

0 
0

0 
0 

4,
09

2 
0

4,
09

2

4,
09

2
0

4,
09

2

P
ro

vi
de

nc
e

1–
3

23
0

23
1 

24
4

43
1

0 
0 

2 
0 

46
1 

37
1

46
1

89
8

56
0 

89
8

M
in

ne
so

ta
9–

17
9,

99
1

9,
41

8
3,

42
2

55
5 

11
,3

11
1,

67
7 

64
4

1,
80

0
0 

19
,4

09
 

19
,2

07
19

,4
09

19
,4

09
 

19
,2

07
 

19
,4

09

N
H

A
N

E
S

 II
I 

5–
17

2,
46

5
2,

57
7

1,
77

0
1,

83
0

1,
32

4 
64

10
12

32
5,

04
2 

4,
30

4 
5,

04
2

5,
04

2 
4,

30
4 

5,
04

2

N
H

A
N

E
S

8–
17

 
1,

04
1

1,
06

3
60

5
98

8
43

7
0 

0
74

0 
2,

10
4 

2,
07

6 
2,

10
4

99
–0

0
2,

10
4 

2,
07

6 
2,

10
4

To
ta

l
1–

17
32

,1
61

31
,0

66
 

18
,0

22
 

6,
28

8 
34

,4
09

1,
76

4 
65

4 
1,

97
2

11
8 

63
,2

27
 

47
,5

00
 

63
,2

27

(P
er

ce
nt

 
(5

1)
(4

9)
(2

9)
(1

0)
(5

4)
(3

)
(1

)
(3

)
(0

) 
83

,0
91

57
,9

76
83

,0
91

o
f 

To
ta

l)

P
er

so
n’

s
V

is
it

s
S

B
P

A
va

ila
b

le
 

P
er

so
n’

s
V

is
it

s
D

B
P.

5
A

va
ila

b
le

 

To
ta

l
N

o
.

o
f

P
er

so
n’

s 
V

is
it

s
A

ge
N

at
iv

e
S

ou
rc

e
(Y

ea
rs

)
B

oy
s

G
ir

ls
B

la
ck

H
is

pa
ni

c
W

hi
te

A
si

an
A

m
er

ic
an

O
th

er
M

is
si

ng

D
B

P.
5,

 d
ia

st
ol

ic
 b

lo
od

 p
re

ss
ur

e 
(K

or
ot

ko
ff 

5)
; N

H
A

N
E

S
, N

at
io

na
l H

ea
lth

 a
nd

 N
ut

rit
io

n 
E

xa
m

in
at

io
n 

S
ur

ve
y;

 N
IH

, N
at

io
na

l I
ns

tit
ut

es
 o

f H
ea

lth
; S

B
P,

 s
ys

to
lic

 b
lo

od
 p

re
ss

ur
e.

*
Ta

bl
e 

di
ffe

rs
 fr

om
 1

99
7 

re
po

rt
: u

pd
at

ed
 h

ei
gh

t 
pe

rc
en

til
e 

us
ed

; s
ub

je
ct

s 
w

ho
se

 h
ei

gh
t 

Z-
sc

or
e 

w
as

 le
ss

 t
ha

n 
–6

 o
r 

gr
ea

te
r 

th
an

 +
6 

w
er

e 
ex

cl
ud

ed
.



36 The Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents

A P P E N D I X  B .

Computation of Blood Pressure
Percentiles for Arbitrary Sex, Age, 
and Height



37Appendix B. Computation of Blood Pressure Percentiles for Arbitrary Sex, Age, and Height

1. Refer to the most recent CDC growth charts, which are available online, and convert the
height of h inches to a height Z-score relative to boys of the same age; this is denoted by Zht.

2. Compute the expected SBP (µ) for boys of age y years and height h inches given by 

µ = α + Σ βj (y-10)
j
+ Σ γ k (Zht)

k

where α, β1…, β4 and γ1…, γ4 are given in the 3rd column of appendix table B–1.

3. Then convert the boy’s observed SBP to a Z-score (Zbp) given by
Zbp = (x – µ)/σ

where σ is given in the 3rd column of appendix table B–1.

4. To convert the bp Z-score to a percentile (P), compute P = Φ (Zbp) x 100%
where Φ (Z) = area under a standard normal distribution to the left of Z.

Thus, if Zbp = 1.28, then Φ (Zbp) = .90 and the bp percentile = .90 x 100% = 90%.

5. To compute percentiles for SBP for girls, diastolic blood pressure (DBP) (K5) for boys, 
and DBP (K5) for girls, use the regression coefficients from the 4th, 5th, and 6th columns 
of appendix table B–1.

For example, a 12-year-old boy, with height at the 90th percentile for his age-sex group, 
has a height Z-score = 1.28, and his expected SBP (µ) is 

µ = 102.19768 + 1.82416 (2) + 0.12776 (22) + 0.00249 (23) –0.00135 (24) + 2.73157 
(1.28) –0.19618 (1.28)2 –0.04659 (1.28)3 + 0.00947 (1.28)4 = 109.46 mmHg.

Suppose his actual SBP is 120 mmHg (x); his SBP Z-score is then: 

SBP Z-score = (x – µ)/σ = (120–109.46)/10.7128 = 0.984

The corresponding SBP percentile = Φ (0.984) x 100% = 83.7th percentile.

■ To compute the systolic blood pressure (SBP) percentile of a boy who is age y years 

and height h inches with SBP = x mmHg:

4

j=1

4

k=1

Computation of Blood Pressure
Percentiles for Arbitrary Sex, Age, 
and Height
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Regression Coefficients From Blood Pressure Regression Models*

102.01027

1.94397

0.00598

-0.00789

-0.00059

2.03526

0.02534

-0.01884

0.00121

10.4855

0.3824

31,066

41,017

T A B L E  B – 1

Intercept

Age

Age–10

(Age–10)2

(Age–10)3

(Age–10)4

Normalized height

Zht

Zht2

Zht3

Zht4

Standard deviation

ρ†

n (persons) 

n (visits)

102.19768

1.82416

0.12776

0.00249

-0.00135

2.73157

-0.19618

-0.04659

0.00947

10.7128

0.4100

32,161

42,074

60.50510

1.01301

0.01157

0.00424

-0.00137

1.16641

0.12795

-0.03869

-0.00079

10.9573

0.2598

23,443

28,794

61.01217

0.68314

-0.09835

0.01711

0.00045

1.46993

-0.07849

-0.03144 

0.00967

11.6032

0.2436

24,057

29,182

BP, blood pressure; Diastolic BP5, diastolic measurement at Korotkoff 5.

* The coefficients were obtained from mixed-effects linear regression models.

† The value of ρ represents the correlation between BP measurements at different ages for the same child after correcting for age 

and Zht. This computation was necessary because some studies contributing to the childhood BP database provided BP at more

than one age.

Systolic BP Diastolic BP5

α

β1

β2

β3

β 4

γ1

γ2

γ3

γ4

σ

Variable Name Symbol Male Female Male Female



39Scheme Used for Classification of the Evidence

Scheme Used for 
Classification of the Evidence

M Meta-analysis; use of statistical 
methods to combine the results from
clinical trials

RA Randomized controlled trials; 
also known as experimental studies

RE Retrospective analyses; also known 
as case-control studies

F Prospective study; also known as cohort
studies, including historical 
or prospective followup studies

X Cross-sectional survey; also known 
as prevalence studies

PR Previous review or position 
statements

C Clinical interventions 
(nonrandomized)

These symbols are appended to the citations
in the reference list. The studies that provided
evidence supporting the recommendations 
of this report were classified and reviewed 
by the staff and the executive committee.
The classification scheme is from the JNC 7
report and other NHBPEP Working Group
Reports (www.nhlbi.nih.gov/about/nhbpep/
index.htm).2,134–138
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